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(57) Abstract 

Enzymatic RNA molecules which cleave 1 CAM-! mRNA, IL-5 mRNA r rel A mRNA, TNF-a mRNA, RSV mRNA or 
RSV genomic RNA, or CML associated mRNA, and use of these molecules for the treatment of pathological conditions 
related to those mRNA-levels; ri bo nucleosides or nucleotides modified in 2\ 3' or 5\ methods for their synthesis, 
purification and deprotection; vectors containing multiple enzymatic nucleic acids, optionally in chimeric form with 
tRNAs; method for introducing enzymatic nucleic acids into cells by forming a complex with a second nucleic acid, where 
the complex is capable of taking an R-loup base-paired structure; method for altering a mutant nucleic acid in vivo by 
hybridization with an oligonucleotide capable of activating dsRNA deaminase, comprising an enzymatic activity or a 
chemical mutagen. Further are disclosed trans-cleaving or -ligating hairpin ribozymes lacking a substrate RNA moiety, as 
well as hammerhead ribozymes having an interconnecting loop between base pairs in stem II. 
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METHOD AND REAGENT FOR INHIBITING THE EXPRESSION 
OF DISEASE RELATED GENES 

Background of the Invention 

This invention relates to reagents useful as inhibitors of gene 
expression relating to diseases such as inflammatory or autoimmune 
disorders, chronic myelogenous leukemia, or respiratory tract illness. 

5 Summary of the Invention 

The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting the expression of disease related 
genes, e^, ICAM-1, IL-5, relA, TNF-a, p210 bcr-abl ( and respiratory 
syncytial virus genes. Such ribozymes can be used in a method for 
1 0 treatment of diseases caused by the expression of these genes in man and 
other animals, including other primates. 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide 
base sequence specific manner. Such enzymatic RNA molecules can be 
1 5 targeted to virtually any RNA transcript, and efficient cleavage has been 
achieved in vitro. Kim et al., 84 Proc. NatL Acad. Sci. USA 8788, 1987; 
Haseloff and Gerlach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies et al., 17 Nucleic Acids Research 1371, 1989. 

. Six basic varieties of naturally-occurring enzymatic RNAs are known 
20 presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds 
in trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table 1 summarizes some of the characteristics of these 
ribozymes. 

Ribozymes act by first binding to a target RNA. Such binding occurs 
25 through the target RNA binding portion of a ribozyme which is held in close 
proximity to an enzymatic portion of the RNA which acts to cleave the target 
RNA. Thus, the ribozyme first recognizes and then binds a target RNA 
through complementary base-pairing, and once bound to the correct site, 
acts enzymatically to cut the target RNA. Strategic cleavage of such a 
30 target RNA will destroy its ability to direct synthesis of an encoded protein. 
After a ribozyme has bound and cleaved Its RNA target it is released from 
that RNA to search for another target and can repeatedly bind and cleave 
new targets. 
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The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid 
molecule simply binds to a nucleic acid target to block its translation) since 
the effective concentration of ribozyme necessary to effect a therapeutic 
5 treatment is lower than that of an antisense oligonucleotide. The 
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a 
single ribozyme molecule is able to cleave many molecules of target RNA. 
In addition, the ribozyme is a highly specific inhibitor, with the specificity of 
inhibition depending not only on the base pairing mechanism of binding, 

1 0 but also on the mechanism by which the molecule inhibits the expression 
of the RNA to which it binds. That is, the inhibition is caused by cleavage of 
the RNA target and so specificity is defined as the ration of the rate of 
cleavage of the targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors additional to 

15 those involved in base pairing. Thus, it is thought that the specificity of 
action of a ribozyme is greater than that of antisense oligonucleotide 
binding the same RNA site. With their catalytic activity and increased site 
specificity, ribozymes represent more potent and safe therapeutic 
molecules than antisense oligonucleotides. 

20 Thus, in a first aspect, this invention relates to ribozymes, or enzymatic 

RNA molecules, directed to cleave RNA species encoding ICAM-1, IL-5, 
relA, TNF-cc, P 210bcr-abl > or RSV proteins. In particular, applicant 
describes the selection and function of ribozymes capable of cleaving 
these RNAs and their use to reduce levels of ICAM-1, IL-5, relA, TNF-cc, 

25 p210 bor-abl or RSV proteins in various tissues to treat the diseases 
discussed herein. Such ribozymes are also useful for diagnostic uses. 

Applicant indicates that these ribozymes are able to inhibit expression 
of ICAM-1, IL-5, rel A, TNF-cc, p210bcr-abl i or RSV genes and that the 
catalytic activity of the ribozymes is required for their inhibitory effect. 
30 Those of ordinary skill in the art, will find that ft is clear from the examples 
described that other ribozymes that cleave target ICAM-1 , IL-5, rel A, TNF- 
cc, P 210 b cr-abl t or RSV encoding mRNAs may be readily designed and are 
within the invention. 

These chemically or enzymatically synthesized RNA molecules 
35 contain substrate binding domains that bind to accessible regions of their 
target mRNAs. The RNA molecules also contain domains that catalyze the 



WO 95/23225 



PCT/IB95/00156 



3 

cleavage of RNA. Upon binding, the ribozymes cleave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene" is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
10 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is, the enzymatic RNA molecule is able to 
intermolecularly cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
1 5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivalent" RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
20 including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have similar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for examplke, Hoogsteen type) of base- 
25 paired interactions. 

In preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is formed in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Neurospora VS RNA. 

30 Examples of such hammerhead motifs are described by Rossi et a/., 1992, 
Aids Research and Human Retroviruses , 8,183, of hairpin motifs by 
Hampel and Tritz, 1989 Biochemistry, 28, 4929, EP 0360257 and Hampel 
et al - 199 °. Nuclei? Acids Res. 18,299 and an example of the hepatitis 
delta virus motif is described by Perotta and Been, 1992 Biochemistry 31 

35 16 of the RNaseP motif by Guerrier-Takada et al., 1983 Cell, 35 849, 
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expressed in eukaryotic cells from the appropriate DNA or RNA vector. The 
activity of such ribozymes can be augmented by their release from tlie 
primary transcript by a second ribozyme (Draper et al., PCT W093/23569, 
and Sullivan et al., PCT WO94/02595, both hereby incorporated in their 
5 totality by reference herein; Ohkawa, J., et al., 1992, Nucleic Acids Svmp. 
SSL 27, 15-6; Taira, K. et al., Nucleic Acids Res.. 19, 5125-30; Ventura, M., 
et al., 1993, Nucleic Acids Res.. 21, 3249-55, Chowrira et al., 1994 J. Biol. 
ChefThj. 269, 25856 ). 

By "inhibit" is meant that the activity or level of ICAM-1,Rel A, IL-5, 
10 TNF-a, P 210bc-abl or RSV encoding mRNA is reduced below that 
observed in the absense of the ribozyme.and preferably is below that level 
observed in the presence of an inactive RNA molecule able to bind to the 
same site on the mRNA, but unable to cleave that RNA. 

Such ribozymes are useful for the prevention of the diseases and 
1 5 conditions discussed above, and any other diseases or conditions that are 
related to the level of ICAM-1, IL-5, Rel A, TNF-a, p210 bcr -abl or RSV 
protein or activity in a cell or tissue. By "related" is meant that the inhibition 
of ICAM-1, IL-5, Rel A, TNF-a, P 210bcr-abl or RSV mRNA translation, and 
thus reduction in the level of, ICAM-1, IL-5, Rel A, TNF-d, P 210 bcr -abl or 
20 RSV proteins will relieve to some extent the symptoms of the disease or 
condition. 

Ribozymes are added directly, or can be complexed with cationic 
lipids, packaged within liposomes, or otherwise delivered to target cells. 
The RNA or RNA complexes can be locaily administered to relevant tissues 
25 through the use of a catheter, infusion pump or stent, with or without their 
incorporation in biopolymers. In preferred embodiments, the ribozymes 
have binding arms which are complementary to the sequences in Tables 
2,3,6-9, 11, 13, 15-23, 27, 28, 31, 33, 34, 36 and 37. 

Examples of such ribozymes are shown in Tables 4-8, 10, 12, 14-16, 
30 19-22, 24, 26-28, 30, 32, 34 and 36-38. Examples of such ribozymes 
consist essentially of sequences defined in these Tables. By "consists 
essentially of is meant that the active ribozyme contains an enzymatic 
center equivalent to those in the examples, and binding arms able to bind 
mRNA such that cleavage at the target site occurs. Other sequences may 
35 be present which do not interfere with such cleavage. 
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Those in the art will recognize that these sequences are 
representative only of many more such sequences where the enzymatic 
portion of the ribozyme (all but the binding arms) is altered to affect activity. 
For example, stem-loop II sequence of hammerhead ribozymes listed in 
5 the above identified Tables can be altered (substitution, deletion, and/or 
insertion) to contain any sequences provided a minimum of two base- 
paired stem structure can form. Similarly, stem-loop IV sequence of hairpin 
ribozymes listed in the above identified Tables can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
10 two base-paired stem structure can form. The sequence listed in the 
above identified Tables may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

In another aspect of the invention, ribozymes that cleave target 

15 molecules and inhibit ICAM-1 t lL-5, Rel A, TNF-a, p210 b °r-abl or RSV 
gene expression are expressed from transcription units inserted into DNA, 
RNA, or viral vectors. Another means of accumulating high concentrations 
of a ribozyme(s) within cells is to incorporate the ribozyme-encoding 
sequences into a DNA or RNA expression vector. Transcription of the 

20 ribozyme sequences are driven from a promoter for eukaryotic RNA 
polymerase I (pol I), RNA polymerase il (po! II), or RNA polymerase ill (pol 
III). Transcripts from pol II or pol III promoters will be expressed at high 
levels in all cells; the levels of a given pol II promoter in a given cell type 
will depend on the nature of the gene regulatory sequences (enhancers, 

25 silencers, etc.) present nearby. Prokaryotic RNA polymerase promoters are 
also used, providing that the prokaryotic RNA polymerase enzyme is 
expressed in the appropriate cells (Eiroy-Stein and Moss, 1990 Proc. Natl. 
Acad. Sci. USA, 87, 6743-7; Gao and Huang 1993 Nucleic Acids Res., 21 
♦ 2867-72; Lieber et al., 1993 Methods Enzymot., 217, 47-66; Zhou et al., 

30 1990 Mol. Cell. Biol., 10, 4529-37). Several investigators have 
demonstrated that ribozymes expressed from such promoters can function 
in mammalian cells (e.g. Kashani-Sabet et al., 1992 Antisense Res. Dev., 
2, 3-15; Ojwang et al., 1992 Proc. Natl. Acad. Sci. USA, 90, 6340-4; 
L'Huiller et al., 1992 EMBO J. 11, 4411-8; Lisziewicz et al., 1993 Proc. Natl. 

35 Acad. ScL U.S.A., 90 8000-4). The above ribozyme transcription units can 
be incorporated into a variety of vectors for introduction into mammalian 
cells, including but not restricted to, plasmid DNA vectors, viral DNA vectors 
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(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral or alphavirus vectors). 

Other features and advantages of the invention will be apparent from 
the following description of the preferred embodiments thereof, and from 
5 the claims. 

Description Of The Preferred Embodiments 
The drawings will first briefly be described. 
Drawings: 

Figure 1 is a diagrammatic representation of the hammerhead 
1 0 ribozyme domain known in the art. Stem II can be > 2 base-pair long. 

Figure 2(a) is a diagrammatic representation of the hammerhead 
ribozyme domain known in the art; Figure 2(b) is a diagrammatic 
representation of the hammerhead ribozyme as divided by Uhlenbeck 
(1987, Nature, 327, 596-600) into a substrate and enzyme portion; Figure 
1 5 2(c) is a similar diagram showing the hammerhead divided by Haseloff and 
Gerlach (1988, Nature, 334, 585-591) into two portions; and Figure 2(d) is 
a similar diagram showing the hammerhead divided by Jeffries and 
Symons (1989, Nucl. Acids. Res., 17, 1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general structure of a 
20 hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs (i.e., n 
is 1,2,3 or 4) and helix 5 can be optionally provided of length 2 or more 
bases (preferably 3-20 bases, i.e., m is from 1-20 or more). Helix 2 and 
helix 5 may be covalently linked by one or more bases (i.e., r is £ 1 base). 
Helix 1 , 4 or 5 may also be extended by 2 or more base pairs (e.g., 4-20 
25 base pairs) to stabilize the ribozyme structure, and preferably is a protein 
binding site. In each instance, each N and N' independently is any normal 
or modified base and each dash represents a potential base-pairing 
interaction. These nucleotides may be modified at the sugar, base or 
phosphate. Complete base-pairing is not required in the helices, but is 
30 preferred. Helix 1 and 4 can be of any size {I.e., o and p is each 
independently from 0 to any number, e.g. 20) as long as some base-pairing 
is maintained. Essential bases are shown as specific bases in the 
structure, but those in the art will recognize that one or more may be 
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modified chemically (abasic, base, sugar and/or phosphate modifications) 
or replaced with another base without significant effect. Helix 4 can be 
formed from two separate molecules, i.e., without a connecting loop. The 
connecting loop when present may be a ribonucleotide with or without 
5 modifications to its base, sugar or phosphate, "q" is > 2 bases. The 
connecting loop can also be replaced with a non-nucleotide linker 
molecule. H refers to bases A, U, or C. Y refers to pyrimidine bases. 
" " refers to a covalent bond. 

Figure 4 is a representation of the general structure of the hepatitis 
1 0 delta virus ribozyme domain known In the art. 

Figure 5 is a representation of the general structure of the self- 
cleaving VS RNA ribozyme domain. 

Figure 6 is a diagrammatic representation of the genetic map of RSV 
strain A2. 

15 Figure 7 is a diagrammatic representation of the solid-phase 

synthesis of RNA. 

Figure 8 is a diagrammatic representation of exocyclic amino 
protecting groups for nucleic acid synthesis. 

Figure 9 is a diagrammatic representation of the deprotection of RNA. 

20 Figure 10 is a graphical representation of the cleavage of an RNA 

substrate by ribozymes synthesized, deprotected and purified using the 
improved methods described herein. 

Figure 1 1 is a schematic representation of a two pot deprotection 
protocol. Base deprotection is carried out with aqueous methyl amine at 65 
25 °C for 10 min. The sample is dried in a speed-vac for 2-24 hours 
depending on the scale of RNA synthesis. Silyl protecting group at the 2'- 
hydroxyl position is removed by treating the sample with 1.4 M anhydrous 
HF at 65°C for 1:5 hours. 

Figure 12 is a schematic representation of a one pot deprotection of 
30 RNA synthesized using RNA phosphoramidite chemistry. Anhydrous 
methyl amine is used to deprotect bases at 65°C for 15 min. The sample is 
allowed to cool for 10 min before adding TEA»3HF reagent, to the same 
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pot, to remove protecting groups at the 2'-hydroxyl position. The 
deprotection is carried out for 1 .5 hours. 

Figs. 13a - b is a HPLC profile of a 36 nt long ribozyme, targeted to 
site B. The RNA is deprotected using either the two pot or the one pot 
5 deprotection protocol. The peaks corresponding to full-length RNA is 
indicated. The sequence for site B is CCUGGGCCAGGGAUUA 
AUGGAGAUGCCCACU. 

Figure 14 is a graph comparing RNA cleavage activity of ribozymes 
deprotected by two pot vs one pot deprotection protocols. 

10 Figure 15 is a schematic representation of an improved method of 

synthesizing RNA containing phosphorothioate linkages. 

Figure 16 shows RNA cleavage reaction catalyzed by ribozymes 
containing phosphorothioate linkages. Hammerhead ribozyme targeted to 
site C is synthesized such that 4 nts at the 5' end contain phosphorothioate 
15 linkages. P=0 refers to ribozyme without phosphorothioate linkages. P=S 
refers to ribozyme with phosphorothioate linkages. The sequence for site C 
is UCAUUUUGGCCAUCUC UUCCUUCAGGCGUGG. 

Figure 17 is a schematic representation of synthesis of 2-N- 
phtalimido-nucleoside phosphoramidite. 

20 Figure 18 is a diagrammatic representation of a prior art method for 

the solid-phase synthesis of RNA using silyl ethers, and the method of this 
invention using SEM as a ^-protecting group. 

Figure 19 is a diagrammatic representation of the synthesis of 2- 
SEM-protected nucleosides and phosphoramidites useful for the synthesis 
25 of RNA. B is any nucleotide base as exemplified in the Figure, P is purine 
and I is inosine. Standard abbreviations are used throughout this 
application, well known to those in the art. 

Figure 20 is a diagrammatic representation of a prior art method for 
deprotection of RNA using TBDMS protection of the 2'-hydroxyl group. 

30 Figure 21 is a diagrammatic representation of the deprotection of RNA 

having SEM protection of the 2'-hydroxyl group. 
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Figure 22 is a representation of an HPLC chromatogram of a fully 
deprotected 10-mer of uridylic acid. 

Figs. 23 - 25 are diagrammatic representations of hammerhead, 
hairpin or hepatitis delta virus ribozyme containing self-processing RNA 
5 transcript. Solid arrows indicate self-processing sites. Boxes indicate the 
sites of nucleotide substitution. Solid lines are drawn to show the binding 
sites of primers used in a primer-extension assay. Lower case letters 
indicate vector sequence present in the RNA when transcribed from a 
W/ndlll-linearized plasmid. (23) HH Cassette, transcript containing the 

1 0 hammerhead trans-acting ribozyme linked to a 3' cis-acting hammerhead 
ribozyme. The structure of the hammerhead ribozyme is based on 
phylogenetic and mutational analysis (reviewed by Symons, 1992 supra ). 
The trans ribozyme domain extends from nucleotide 1 through 49. After 3'- 
end processing, the trans-ribozyme contains 2 non-ribozyme nucleotides 

15 (UC at positions 50 and 51) at its 3' end. The 3' processing ribozyme is 
comprised of nucleotides 44 through 96. Roman numerals I, II and III, 
indicate the three helices that contribute to the structure of the 3' cis-acting 
hammerhead ribozyme (Hertel et al.,1992 Nucleic Acids B eg, 20, 3252). 
Substitution of G70 and A71 to U and G respectively, inactivates the 

20 hammerhead ribozyme (Ruffner et a!., 1990 Biochemistry 29, 10695) and 
generates the HH(mutant) construct. (24) HP Cassette, transcript 
containing the hammerhead trans-acting ribozyme linked to a 3' cis-acting 
hairpin ribozyme. The structure of the hairpin ribozyme is based on 
phylogenetic and mutational analysis (Berzal-Herranz et al., 1993 EMBO. J 

25 12, 2567). The trans-ribozyme domain extends from nucleotide 1 through 
49. After 3'-end processing, the trans-ribozyme contains 5 non-ribozyme 
nucleotides (UGGCA at positions 50 to 54) at its 3' end. The 3' cis-acting 
ribozyme is comprised of nucleotides 50 through 115. The transcript 
named HP(GU) was constructed with a potential wobble base pair 

30 between G52 and U77; HP(GC) has a Watson-Crick base pair between 
G52 and C77. A shortened helix 1 (5 base pairs) and a stable tetraloop 
(GAAA) at the end of helix 1 was used to connect the substrate with the 
catalytic domain of the hairpin ribozyme (Feldstein & Bruening, 1993 
Nucleic Acjds Res. 21, 1991; Altschuler et al,, 1992 supra) . (25) HDV 
35 Cassette, transcript containing the trans-acting hammerhead ribozyme 
linked to a 3' cis-acting hepatitis delta virus (HDV) ribozyme. The 
secondary structure of the HDV ribozyme is as proposed by Been and 
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coworkers (Been et al., 1992 Biochemistry 31, 1 1843). The trans-ribozyme 
domain extends from nucleotides 1 through 48. After 3'-end processing, 
the trans-ribozyme contains 2 non-ribozyme nucleotides (AA at positions 
49 to 50) at its 3' end. The 3' cis-acting HDV ribozyme is comprised of 
. 5 nucleotides 50 through 114. Roman numerals I, II, III & IV, indicate the 
location of four helices within the 3' cis-acting HDV ribozyme (Perrota & 
Been, 1991 Nature 350, 434). The AHDV transcript contains a 31 
nucleotide deletion in the HDV portion of the transcript (nucleotides 84 
through 115 deleted). 

10 Fig. 26 is a schematic representation of a plasmid containing the 

insert encoding self-processing cassette. The figure is not drawn to scale. 

Fig. 27 demonstrates the effect of 3' flanking sequences on RNA self- 
processing in vitro. H, Plasmid templates linearized with H/ndlll restriction 
enzyme. Transcripts from H templates contain four non-ribozyme 
15 nucleotides at the 3" end. N, Plasmid templates linearized with Ndel 
restriction enzyme. Transcripts from N templates contain 220 non- 
ribozyme nucleotides at the 3' end. R, Plasmid templates linearized with 
Rca\ restriction enzyme. Transcripts from R templates contain 450 non- 
ribozyme nucleotides at the 3' end. 

20 Fig. 28 shows the effect of 3' flanking sequences on the trans- 

cleavage reaction catalyzed by a hammerhead ribozyme. A 622 nt 
internally-labeled RNA (<10 nM) was incubated with ribozyme (1000 nM) 
under single turn-over conditions (Herschlag and Cech, 1990 Biochemistry 
29, 10159). HH+2, HH+37, and HH+52 are trans-acting ribozymes 

25 produced by transcription from the HH, AHDV, and HH(mutant) constructs, 
respectively, and that contain 2, 37 and 52 extra nucleotides on the 3' end. 
The plot of the fraction of uncleaved substrate versus time was fit to a 
double exponential curve using the KaleidaGraph graphing program 
(Synergy Software, Reading, PA). A double exponential curve fit was used 
. 30 because the data points did not fall on a single exponential curve, 
presumably due to varying conformers of ribozyme and/or substrate RNA. 

Fig. 29 shows RNA self-processing in OST7-1 cells. In vitro lanes 
contain full-length, unprocessed transcripts that were added to cellular 
lysates prior to RNA extraction. These RNAs were either pre-incubated 
35 with MgCl2 (+) or with DEPC-treated water (-) prior to being hybridized 
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with 5* end-labeled primers. Cellular lanes contain total cellular RNA from 
cells transfected with one of the four self-processing constructs. Cellular 
RNA are probed for ribozyme expression using a sequence specific primer- 
extension assay. Solid arrows indicate the location of primer extension 
5 bands corresponding to Full-Length RNA and 3' Cleavage Products. 

Figs. 30,31 are diagrammatic representations of self-processing 
cassettes that will release trans-acting ribozymes with defined, stable stem- 
loop structures at the 5 l and the 3' end following self-processing. 30, 
shows various permutations of a hammerhead self-processing cassette. 31 , 
1 0 shows various permutations of a hairpin self-processing cassette. 

Figs. 32a-b Schematic representation of RNA polymerse III promoter 
structure. Arrow indicates the transcription start site and the direction of 
coding region. A, B and C, refer to consensus A, B and C box promoter 
sequences. I, refers to intermediate cis-acting promoter sequence. PSE, 
15 refers to proximal sequence element. DSE, refers to distal sequence 
element. ATF, refers to activating transcription factor binding element. ?, 
refers to cis-acting sequence element that has not been fully characterized. 
EBER, Epstein-Barr-virus-encoded-RNA. TATA is a box well known in the 
art. 

20 Figs. 33a-e Sequence of the primary tRNAj met and A3-5 transcripts. 

The A and B box are internal promoter regions necessary for pot III 
transcription. Arrows indicate the sites of endogenous tRNA processing. 
The A3-5 transcript is a truncated version of tRNA wherein the sequence 3' 
of B box has been deleted (Adeniyi-Jones et ah, 1984 supra). This 

25 modification renders the A 3-5 RNA resistant to endogenous tRNA 
processing. 

Figure 34. Schematic representation of RNA structural motifs inserted 
into the A3-5 RNA. A3-5/HHI- a hammerhead (HHI) ribozyme was cloned 
at the 3* region of A3-5 RNA; S3- a stable stem-loop structure was 

30 incorporated at the 3' end of the A3-5/HHI chimera; S5- stable stem-loop 
structures were incorporated at the 5' and the 3' ends of A3-5/HHI ribozyme 
chimera; S35- sequence at the 3* end of the A3-5/HHI ribozyme chimera 
was altered to enable duplex formation between the 5' end and a 
complementary 3' region of the same RNA; S35Plus- in addition to 

35 structural alterations of S35, sequences were altered to facilitate additional 
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duplex formation within the non-ribozyme sequence of the A3-5/HHI 
chimera. 

Figures 35 and 36. Northern analysis to quantitate ribozyme 
expression in T cell lines transduced with A3-5 vectors. 35) A3-5/HHI and 
5 its variants were cloned individually into the DC retroviral vector (Sullenger 
et al., 1990 supra). Northern analysis of ribozyme chimeras expressed in 
MT-2 cells was performed. Total RNA was isolated from cells 
(Chomczynski.& Sacchi, 1987 Analytical Biochemistry 162, 156-159), and 
transduced with various constructs described in Fig. 34. Northern analysis 

10 was carried out using standard protocols (Curr. Protocols Mol. Biol. 1992, 
ed. Ausubel et al., Wiley & Sons, NY). Nomenclature is same as in Figure 
34. This assay measures the level of expression from the type 2 pol III 
promoter. 36) Expression of S35 constructs in MT2 cells. S35 (+ribozyme), 
S35 construct containing HHI ribozyme. S35 (-ribozyme), S35 construct 

1 5 containing no ribozyme. 

Figure 37. Ribozyme activity in total RNA extracted from transduced 
MT-2 cells. Total RNA was isolated from cells transduced with A3-5 
constructs described in Figs. 35 and 36 In a standard ribozyme cleavage 
reaction, 5 ug total RNA and trace amounts of 5' terminus-labeled ribozyme 

20 target RNA were denatured separately by heating to 90°C for 2 min in the 
presence of 50 mM Tris-HCI, pH 7.5 and 10 mM MgCI 2 . RNAs were 
renatured by cooling the reaction mixture to 37°C for 10-15 min. Cleavage 
reaction was initiated by mixing the labeled substrate RNA and total 
cellular RNA at 37°C. The reaction was allowed to proceed for ~ 18h, 

25 following which the samples were resolved on a 20 % urea-polyacrylamide 
gel. Bands were visualized by autoradiography. 

Figures 38 and 39. Ribozyme expression and activity levels in S35- 
transduced clonal CEM cell lines. 38) Northern analysis of S35- 
transduced clonal CEM cell lines. Standard curve was generated by 
. 30 spiking known concentrations of in vitro transcribed 85 RNA into total 
cellular RNA isolated from non-transduced CEM cells. Pool, contains RNA 
from pooled cells transduced with S35 construct. Pool (-G418 for 3 Mo), 
contains RNA from pooled cells that were initially selected for resistance to 
G418 and then grown in the absence of G418 for 3 months. Lanes A 
35 through N contain RNA from individual clones that were generated from the 
pooled cells transduced with S35 construct. tRNAj™et ( re f ers t0 tne 
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endogenous tRNA. S35, refers to the position of the ribozyme band. M, 
marker lane. 39) Activity levels in S35-transduced clonal CEM cell lines. 
RNA isolation and cleavage reactions were as described in Fig.37. 
Nomenclature is same as in Figs. 35 and 36 except, S, 5' terminus-labeled 
5 substrate RNA. P, 8 nt 5' terminus-labeled ribozyme-mediated RNA 
cleavage product. 

Figures 40 and 41 are proposed secondary structures of S35 and 
S35 containing a desired RNA (HHI), respectively. The position of HHI 
ribozyme is indicated in figure 41. Intramolecular stem refers to the stem 
10 structure formed due to an intramolecular base-paired interaction between 
the 3' sequence and the complementary 5* terminus. The length of the 
stem ranges from 15-16 base-pairs. Location of the A and the B boxes are 
shown. 

Figures 42 and 43 are proposed secondary structures of S35 plus 
15 and S35 plus containing HHI ribozyme. 

Figures 44, 45, 46 and 47 are the nucleotide base sequences of S35, 
HHIS35, S35 Plus, and HHIS35 Plus respectively. 

Figs. 48a-b is a general formula for pol III RNA of this invention. 

Figure 49 is a digrammatic representation of 5T construct. In this 
20 construct the desired RNA is located 3 1 of the intramolecular stem. 

Figures 50 and 51 contain proposed secondary structures of 5T 
construct alone and 5T contruct containing a desired RNA (HHI ribozyme) 
. respectively. 

Figure 52 is a diagrammatic representation of TRZ-tRNA chimeras. 
25 The site of desired RNA insertion is indicated. 

Figure 53 shows the general structure of HHITRZ-A ribozyme chimera. 
A hammerhead ribozyme targeted to site I is inserted into the stem II region 
of TRZ-tRNA chimera. 

Figure 54 shows the general structure of HPITRZ-A ribozyme chimera. 
30 A hairpin ribozyme targeted to site I is cloned into the indicated region of 
TRZ-tRNA chimera. 
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Figure 55 shows a comparison of RNA cleavage activity of HHITRZ-A, 
HHITRZ-B and a chemically synthesized HHI hammerhead ribozymes. 

Figure 56 shows expression of ribozymes in T cell lines that are stably 
transduced with viral vectors. M, markers; lane 1, non-transduced CEM 
5 cells; lanes 2 and 3, MT2 and CEM cells transduced with retroviral vectors; 
lanes 4 and 5, MT2 and CEM cells transduced with AAV vectors. 

Figs. 57a-b Schematic diagram of adeno-associated virus and 
adenoviryes vectors for ribozyme delivery. Both vectors utilize one or more 
ribozyme encoding transcription units (RZ) based on RNA polymerase II or 

10 RNA polymerase III promoters. A. Diagram of an AAV-based vector 
containing minimal AAV sequences comprising the inverted terminal 
repeats (ITR) at each end of the vector genome, an optional selectable 
marker (Neo) driven by an exogenous promoter (Pro), a ribozyme 
transcription unit, and sufficient additional sequences (stuffer) to maintain a 

15 vector length suitable for efficient packaging. B. Diagram of ribozyme 
expressing adenovirus vectors containing deletions of one or more wild 
type adenovirus coding regions (cross-hatched boxes marked as E1, pIX, 
E3, and E4), and insertion of the ribozyme transcription unit at any or 
several of those regions of deletions. 

20 Fig. 58 is a graph showing the effect of arm length variation on the 

activity of ligated hammerhead (HH) ribozymes. Nomenclature 5/5, 6/6, 
7/7, 8/8 and so on refers to the number of base-pairs being formed between 
the ribozyme and the target. For example, 5/8 means that the HH ribozyme 
forms 5 bp on the 5' side and 8 bp on the 3' side of the cleavage site for a 

25 total of 13 bp. -AG refers to the free energy of binding calculated for base- 
paired interactions between the ribozyme and the substrate RNA (Turner 
and Sugimoto, 1988 Ann. Rev. Biophvs. Chem. 17. 167). RPI A is a HH 
ribozyme with 6/6 binding arms. 

Figs. 59 and 60 and 61 show cleavage of long substrate (622 nt) by 
30 ligated HH ribozymes. 

Fig. 62 is a diagrammatic representation of a hammerhead ribozyme 
(HH-H) targeted against a site termed H. Variants of HH-H are also shown 
that contain either a 2 base-paired stem II (HH-H1 and HH-H2) or a 3 base- 
paired stem II (HH-H3 and HH-H4). 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



PCI7IB95/00156 



16 

Figs. 63 and 64 show RNA cleavage activity of HH-l and its variants 
(see Fig.62). 63) cleavage of matched substrate RNA (15 nt). 64) cleavage 
of long substrate RNA (613 nt). 

Figs. 65a-b is a schematic representation of a method of this invention 
5 to synthesize a full length hairpin ribozyme. No splint strand is required for 
ligation but rather the two fragments hybridize together at helix 4 prior to 
ligation. The only prerequisite is that the 3' fragment is phosphorylated at 
its 5 1 end and that the 3' end of the 5' fragment have a hydroxyl group. The 
hairpin ribozyme is targeted against site J, H1 and H2 are iritermolecular 
1 0 helices formed between the ribozyme and the substrate. H3 and H4 are 
intramolecular helices formed within the hairpin ribozyme motif. Arrow 
indicates the cleavage site. 

Fig. 66 shows RNA cleavage activity of ligated hairpin ribozymes 
targeted against site J. 

15 Figs. 67a-b is a diagrammatic representation of a Site K Hairpin 

Ribozyme (HP-K) showing the proposed secondary structure of the hairpin 
ribozyme •substrate complex as described in the art (Berzal-Herranz et a/., 
1993 EMBO. J.12, 2567). The ribozyme has been assembled from two 
fragments (bimolecular ribozyme; Chowrira and Burke, 1992 Nucleic Acids 

20 Res. 20, 2835); #H1 and H2 represent intermolecular helix formation 
between the ribozyme and the substrate. H3 and H4 represent 
intramolecular helix formation within the ribozyme (intermolecular helix in 
the case of bimolecular ribozyme). Left panel (HP-K1) indicates 4 base- 
paired helix 2 and the right panel (HP-K2) indicates 6 base-paired helix 2. 

25 Arrow indicates the site of RNA cleavage. All the ribozymes discussed 
herein were chemically synthesized by solid phase synthesis using RNA 
phosphoramadite chemistry, unless otherwise indicated. Those skilled in 
the art will . recognize that these ribozymes could also be made 
transcriptionally in vitro and in vivo. 

30 Figure 68 is a graph showing RNA cleavage by hairpin ribozymes 

targeted to site K. A plot of fraction of the target RNA uncleaved (fraction 
uncleaved) as a function of time is shown. HP-K2 (6 bp helix 2) cleaves a 
422 target RNA to a greater extent than the HP-K1 (4 bp helix 2). 
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To make internally-labeled substrate RNA for trans-ribozyme 
cleavage reactions, a 422 nt region (containing hairpin site A) was 
synthesized by PCR using primers that place the 17 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
5 standard transcription buffer in the presence of [a- 32 P]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 \i\ 
10 DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1jiM) and internally labeled 422 nt substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM TrisHCI pH 7.5 and 10 mM MgCl2) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 

15 reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 \i\ were taken at regular time intervals, 
quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 

20 imaging of gels with a Phosphorlmager (Molecular Dynamics, Sunnyvale, 
CA). 

Figs. 69a-b is the Site L Hairpin Ribozyme (HP-L) showing proposed 
secondary structure of the hairpin ribozyme^substrate complex. The 
ribozyme was assembled from two fragments as described above. The 
25 nomenclature is the same as above. 

Figure 70 shows RNA cleavage by hairpin ribozymes targeted to site 
L A. plot of fraction of the target RNA uncleaved (fraction uncleaved) as a 
function of time is shown. HP-L2 (6 bp helix 2) cleaves a 2 KB target RNA 
to a greater extent than the HP-L1 (4 bp helix 2). To make intemally- 
30 labeled substrate RNA for frans-ribozyme cleavage reactions, a 2 kB region 
(containing hairpin site L) was synthesized by PCR using primers that place 
the T7 RNA promoter upstream of the amplified sequence. The cleavage 
reactions were carried out as described above. 
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Figs. 71a-b shows a Site M Hairpin Ribozyme (HP-M) with the 
proposed secondary structure of the hairpin ribozyme # substrate complex. 
The ribozyme was assembled from two fragments as described above. 

Figure 72 is a graph showing RNA cleavage by hairpin ribozymes 
5 targeted to site M. The ribozymes were tested at both 20°C and at 26°C. 
To make internally-labeled substrate RNA for trans-ribozyme cleavage 
reactions, a 1.9 KB region (containing hairpin site M) was synthesized by 
PCR using primers that place the T7 RNA promoter upstream of the 
amplified sequence. Cleavage reactions were carried out as described 
1 0 above except that 20°C and at 26°C temperatures were used. 

Figs. 73a-d shows various structural modifications of the present 
invention. A) Hairpin ribozyme lacking helix 5. Nomenclature is same as 
described under figure 3. B) Hairpin ribozyme lacking helix 4 and helix 5. 
Helix 4 is replaced by a nucleotide loop wherein q is > 2 bases. 

15 Nomenclature is same as described under figure 3. C) Hairpin ribozyme 
lacking helix 5. Helix 4 loop is replaced by a linker 103"L n , wherein L is a 
non-nucleotide linker molecule (Benseler et a/., 1993 J. Am. Chem. Soc. 
115, 8483; Jennings et a/. f WO 94/13688). Nomenclature is same as 
described under figure 3. D) Hairpin ribozyme lacking helix 4 and helix 5. 

20 Helix 4 is replaced by non-nucleotide linker molecule U L" (Benseler et a/., 
1993 supra] Jennings et al y supra). Nomenclature is same as described 
under figure 3. 

Figs. 74a-b shows Hairpin ribozymes containing nucleotide spacer 
region n s" at the indicated location, wherein s is > 1 base. Hairpin 
25 ribozymes containing spacer region, can be synthesized as one fragment 
or can be assembled from multiple fragments. Nomenclature is same as 
described under figure 3. 

Figs. 75a-e shows the structures of the S'-C-alkyl-modified 
nucleotides. Ri is as defined above. R is OH, H, O-protecting group, NH, or 
30 any group described by the publications discussed above, and those 
described below. B is as defined in the Figure or any other equivalent 
nucleotide base. CE is cyanoethyl, DMT is a standard blocking group. 
Other abbreviations are standard in the art. 
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Figure 76 is a diagrammatic representation of the synthesis of 5'-C~ 
alkyl-D-allose nucleosides and their phosphoramidites. 

Figure 77 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-L-talose nucleosides and their phosphoramidites. 

5 Figure 78 is a diagrammatic representation of hammerhead 

ribozymes targeted to site O containing ff-C-methyl-L-talo modifications at 
various positions. 

Figure 79 shows RNA cleavage activity of HH-0 ribozymes. Fraction 
of target RNA uncleaved as a function of time is shown! 

10 Figure 80 is a diagrammatic representation of a position numbered 

hammerhead ribozyme (according to Hertel etai Nucleic Acids Res. 1992, 
20, 3252) showing specific substitutions. 

Figs. 81a-j shows the structures of various 2'-alkyl modified 
nucleotides which exemplify those of this invention. R groups are alkyl 
1 5 groups, Z is a protecting group. 

Figure 82 is a diagrammatic representation of the synthesis of 2'-C- 
allyl uridine and cytidine. 

Figure 83 is a diagrammatic representation of the synthesis of 2 , -C- 
methylene and 2'-C-difluoromethylene uridine. 

20 Figure 84 is a diagrammatic representation of the synthesis of 2'-C- 

methylene and 2'-C-difluoromethylene cytidine. 

Figure 85 is a diagrammatic representation of the synthesis of 2'-0 
methylene and 2 , -C-difluoromethylene adenosine. 

Figure 86 is a diagrammatic representation of the synthesis of 2'-C- 
25 carboxymethylidine uridine, 2 , -C-methoxycarboxymethylidine uridine and 
derivatized amidites thereof. X is CH3 or alkyl as discussed above, or 
another substituent. 

Figure 87 is a diagrammatic representation of a synthesis of 
nucleoside 5'-deoxy-5-difluoromethylphosphonates. 
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Figure 88 is a diagrammatic representation of the synthesis of 

nucleoside 5 l -deoxy-5 , -difluoromethylphosphonate S'-phosphoramidites, 
dimers and solid supported dimers. 

Figure 89 is a diagrammatic representation of the synthesis of 
5 nucleoside 5'-deoxy-5'-difluoromethylene triphosphates. 

Figures 90 and 91 are diagrammatic representations of the synthesis 
of S'-deoxy-S'-difluoromethylphosphonates and dimers. 

Figure 92 is a schematic representation " of synthesizing RNA 
phosphoramidite of a nucleotide containing a 2-hydroxyl group 
10 modification of the present invention. 

Figs. 93a-b describes a method for deprotection of oligonucleotides 
containing a 2'-hydroxyl group modification of the present invention. 

Figure 94 is a diagrammatic representation of a hammerhead 
ribozyme targeted to site N. Positions of 2*-hydroxyl group substitution is 
15 indicated. 

Figure 95 shows RNA cleavage activity of ribozymes containing a 2'- 
hydroxyl group modification of the present invention. All RNA, represents 
hammerhead ribozyme (HHN) with no 2'-hydroxyl group modifications. U7- 
ala, represents HHN ribozyme containing 2-NH-alanine modification at the 
20 U7 position. U4/U7-ala, represents HHA containing 2'-NH-alanine 
modifications at U4 and U7 positions. U4 lys, represents HHA containing 
2-NH-lysine modification at U4 position. U7 lys, represents HHA containing 
2*-NH-lysine modification at U7 position. -U4/U7-lys, represents HHN 
containing 2'-NH-lysine modification at U4 and U7 positions. 

25 Figures 96 and 97 are schematic representations of synthesizing 

(solid-phase synthesis) 3 1 ends of RNA with modification of the present 
invention. B, refers to either a base, modified base or an H. 

Figure 98 and 99 are schematic representations of synthesizing 
(solid-phase synthesis) 5' ends of RNA with modification of the present 
30 invention. B, refers to either a base, modified base or an H. 

Figures 100 and 101 are general schematic representations of the 
invention. 
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Fig. 102a-d is a schematic representation of a method of the invention. 

Fig. 103 is a graph of the results of the experiment diagrammed in 
figure 104. 

Figure 104 is a diagrammatic representation of a fusion mRNA used 
5 in the experiment diagrammed in Fig. 102. 

Figure 105 is a diagrammatic representation of a method for selection 
of useful ribozymes of this invention. 

Figure 106 generally shows R-loop formation, and an R-loop 
complex. In addition, it indicates the location at which ligands can be 
10 provided to target the R-loop complex to cells using at least three different 
procedures, such as ligand receptor interaction, lipid or calcium phosphate 
mediated delivery, or electroporation. 

Figure 107 shows a method for use of self-processing ribozymes to 
generate therapeutic ribozymes of unit length. This method is essentially 
1 5 described by Draper et al., PCT WO 93/23509. 

Figure 108 shows a method of linking ligands like folate, 
carbohydrate or peptides to R-loop forming RNA. 

Ribozymes of this invention block to some extent ICAM-1, IL-5, rel A, 
TNF-a, p210 bcr " abl , or RSV genes expression and can be used to treat 
20 diseases or diagnose such diseases. Ribozymes will be delivered to cells 
in culture and to tissues in animal models. Ribozyme cleavage of ICAM-1, 
II-5, rel A, TNF-a ,p210 bcrvabl , or RSV mRNA in these systems may prevent 
or alleviate disease symptoms or conditions. 

I. Target sites 

25 Targets for useful ribozymes can be determined as disclosed in 

Draper et al PCT WO93/23509, Sullivan et al, PCT WO94/02595 as well 
as by Draper et al., PCT/US94/13129 and hereby incorporated by 
reference herein in totality. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 

30 methods, not limiting to those in the art. Ribozymes to such targets are 
designed as described in those applications and synthesized to be tested 
in vitro and in vivo, as also described. Such ribozymes can also be 
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optimized and delivered as described therein. While specific examples to 
animal and human RNA are provided, those in the art will recognize that 
the equivalent human RNA targets described can be used as described 
below. Thus, the same target may be used, but binding arms suitable for 
5 targeting human RNA sequences are present in the ribozyme. Such 
targets may also be selected as described below. 

It must be established that the sites predicted by the computer-based 
RNA folding algorithm correspond to potential cleavage sites. 
Hammerhead or hairpin ribozymes are designed that could bind and are 

10 individually analyzed by computer folding (Jaeger et at., 1989 Proc. Natl. 
Acad. Sci., USA, 86 7706-7710) to assess whether the ribozyme 
sequences fold into the appropriate secondary structure. Those ribozymes 
with unfavorable intramolecular interactions between the binding arms and 
the catalytic core are eliminated from consideration. Varying binding arm 

15 lengths can be chosen to optimize activity. Generally, at least 5 bases on 
each arm are able to bind to, or otherwise interact with, the target RNA. 

mRNA is screened for accessible cleavage sites by the method 
described generally in Draper et al., PCT W093/23569 hereby 
incorporated by reference herein. Briefly, DNA oligonucleotides 

20 representing potential hammerhead or hairpin ribozyme cleavage sites are 
synthesized. A polymerase chain reaction is used to generate a substrate 
for T7 RNA polymerase transcription from cDNA clones. Labeled RNA 
transcripts are synthesized in vitro from DNA templates. The 
oligonucleotides and the labeled trascripts are annealed, RNaseH is 

25 added and the mixtures are incubated for the designated times at 37°C. 
Reactions are stopped and RNA separated on sequencing polyacrylamide 
gels. The percentage of the substrate cleaved is determined by 
autoradiographic quantitation using a phosphor imaging system. From 
these data, hammerhead or hairpin ribozynme sites are chosen as the 

30 . most accessible. 

Ribozymes of the hammerhead or hairpin motif are designed to 
anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences desribed above. The 
ribozymes are chemically synthesized. The method of synthesis used 
35 follows the procedure for normal. RNA synthesis as described in Usman et 
al., 1987 J. Am. Chem. Soc, 109, 7845 and in Scaringe et al., 1990 
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Nucleic Acids Res., 18, 5433 and made use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, 
phosphoramidites at the 3'-end. The average stepwise coupling yeilds are 
>98%. Inactive ribozymes are synthesized by substituting a U for G5 and a 
5 U for A14 (numbering from Hertel et al., 1992 Nucleic Acids Res., 20, 
3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

1 0 Uhlenbach, 1989, Methods Enzymol, 180, 51). * All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
groups, for example, 2-amino, 2'-C-allyl, 2-flouro, 2-O-methy), 2'H (for a 
review see Usman and Cedergren, 1992 TIBS 17,34). Ribozymes are 
purified by gel electrophoresis using heneral methods or are purified by 

15 high pressure liquid chromatography and are resuspended in water. 

Example 1; IQAM-1 

Ribozymes that cleave ICAM-1 mRNA represent a novel therapeutic 
approach to inflammatory or autoimmune disorders. ICAM-1 function can 
be blocked therapeutically using monoclonal antibodies. Ribozymes have 
20 the advantage of being generally immunologically inert, whereas 
significant neutralizing anti-IgG responses can be observed with some 
monoclonal antibody treatments. 

The following is a brief description of the physiological role of ICAM-1 . 
The discussion Is not meant to be complete and is provided only for 
25 understanding of the invention that follows. This summary is not an 
admission that any of the work described below is prior art to the claimed 
invention. 

Intercellular adhesion molecule-1 (ICAM-1) is a cell surface protein 
whose expression is induced by inflammatory mediators. ICAM-1 is 
30 required for adhesion of leukocytes to endothelial cells and for several 
immunological functions including antigen presentation, immunoglobulin 
production and cytotoxic cell activity. Blocking ICAM-1 function prevents 
immune cell recognition and activity during transplant rejection and in 
animal models of rheumatoid arthritis, asthma and reperfusion injury. 
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Cell-cell adhesion plays a pivotal role in inflammatory and immune 
responses (Springer et al., 1987 Ann. Rev. Immunol. 5, 223-252). Cell 
adhesion is required for leukocytes to bind to and migrate through vascular 
endothelial cells. In addition, cell-cell adhesion is required for antigen 
5 presentation to T cells, for B cell induction by T cells, as well as for the 
cytotoxicity activity of T cells, NK cells, monocytes or granulocytes. 
Intercellular adhesion molecule-1 (ICAM-1) is a 110 kilodalton member of 
the immunoglobulin superfamily that is involved in all of these cell-cell 
interactions (Simmons et al., 1988 Nature (London) 331, 624-627). 

10 ICAM-1 is expressed on only a limited number of cells and at low 

levels in the absence of stimulation (Dustin et al., 1986 J. Immunol. 137, 
245-254). Upon treatment with a number of inflammatory mediators 
(lipopolysaccharide, r-interferon, tumor necrosis factor-a, or interieukin-1), 
a variety of cell types (endothelial, epithelial, fibroblastic and hematopoietic 

1 5 cells) in a variety of tissues express high levels of ICAM-1 on their surface 
(Sringer et. al. supra; Dustin ef al., supra; and Rothlein et al., 1988 J. 
Immunol. 141, 1665-1669). Induction occurs via increased transcription of 
ICAM-1 mRNA (Simmons et al., supra). Elevated expression is detectable 
after 4 hours and peaks after 16 -24 hours of induction. 

20 ICAM-1 induction is critical for a number of inflammatory and immune 

responses. In vitro, antibodies to ICAM-1 block adhesion of leukocytes to 
cytokine-activated endothelial cells (Boyd, 1988 Proc. Natl. Acad. Sci. USA 
85, 3095-3099; Dustin and Springer, 1988 J. Cell Biol. 107; 321-331). 
Thus, ICAM-1 expression may be required for the extravasation of immune 
25 cells to sites of inflammation. Antibodies to ICAM-1 also block T cell killing, 
• mixed lymphocyte reactions, and T cell-mediated B cell differentiation,' 
suggesting that ICAM-1 is required for these cognate cell interactions 
(Boyd ef al., supra). The importance of ICAM-1 in antigen presentation is 
underscored by the inability of ICAM-1 defective murine B cell mutants to 
stimulate antigen-dependent T cell proliferation (Dang et al., 1990 J. 
Immunol. 144, 4082-4091). Conversely, murine L cells require transfection 
with human ICAM-1 in addition to HLA-DR in order to present antigen to 
human T cells (Altmann et al., 1989 Nature (London) 338, 512-514). In 
summary, evidence in vitro indicates that ICAM-1. is required for cell-cell 
interactions critical to inflammatory responses, cellular immune responses, 
and humoral antibody responses. 



30 
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By engineering ribozyme motifs we have designed several ribozymes 
directed against ICAM-1 mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance. These 
ribozymes cleave ICAM-1 target sequences in vitro. 

5 The sequence of human, rat and mouse ICAM-1 mRNA can be 

screened for accessible sites using a compter folding algorithm. Regions 
of the mRNA that did not form secondary folding structures and that contain 
potential hammerhead or hairpin ribozyme cleavage sites can be 
identified. These sites are shown in Tables 2, 3, and 6-9. (All sequences 
10 are 5' to 3' in the tables) While rat, mouse and human sequences can be 
screened and ribozymes thereafter designed, the human targeted 
sequences are of most utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 4 - 8 and 10. Those in the art will recognize that 
15 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 The ribozymes will be tested for function in vivo by exogenous 

delivery to human umbilical vein endothelial cells (HUVEC). Ribozymes 
will be delivered by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA or RNA 
vectors described above. Cytokine-induced ICAM-1 expression will be 
monitored by ELISA, by indirect immuriofluoresence, and/or by FACS 
analysis. ICAM-1 mRNA levels will be assessed by Northern, by RNAse 
protection, by primer extension or by quantitative RT-PCR analysis. 
Ribozymes that block the induction of ICAM-1 protein and mRNA by more 
than 90% will be identified. 

30 As disclosed by Sullivan et al., PCT WO94/02595, incorporated by 

reference herein, ribozymes and/or genes encoding them will be locally 
delivered to transplant tissue ex vivo in animal models. Expression of the 
ribozyme will be monitored by its ability to block ex vivo induction of ICAM- 
1 mRNA and protein. The effect of the antl-ICAM-1 ribozymes on graft 

35 rejection will then be assessed. Similarly, ribozymes will be introduced 
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into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-ICAM-1 ribozyme or a gene 
construct that constitutively expresses the ribozyme may abrogate 
inflammatory and immune responses in these diseases. 

Uses 

ICAM-1 plays a central role in immune cell recognition and function. 
Ribozyme inhibition of ICAM-1 expression can reduce transplant rejection 
and alleviate symptoms in patients with rheumatoid arthritis, asthma or 
other acute and chronic inflammatory disorders. We have engineered 
several ribozymes that cleave ICAM-1 mRNA. Ribozymes that efficiently 
inhibit ICAM-1 expression in cells can be readily found and their activity 
measured with regard to their ability to block transplant rejection and 
arthritis symptoms in animal models. These anti-ICAM-1 ribozymes 
represent a novel therapeutic for the treatment of immunological or 
inflammatory disorders. 

The therapeutic utility of reduction of activity of ICAM-1 function is 
evident in the following disease targets. The noted references indicate the 
role of ICAM-1 and the therapeutic potential of ribozymes described herein. 
Thus, these targets can be therapeutically treated with agents that reduce 
ICAM-1 expression or function. These diseases and the studies that 
support a critical role for ICAM-1 in their pathology are listed below. This 
list is not meant to be complete and those in the art will recognize further 
conditions and diseases that can be effectively treated using ribozymes of 
the present invention. 

• Transplant rejection 

ICAM-1 is expressed on venules and capillaries of human cardiac biopsies 
with histological evidence of graft rejection (Briscoe et al., 1991 Transplantation 
51, 537-539). 

Antibody to ICAM-1 blocks renal (Cosimi et al., 199CU Immunol. 144, 4604- 
4612) and cardiac (Flavin et al., 1991 Transplant. Proc. 23, 533-534) graft 
rejection in primates. 
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A Phase I clinical trial of a monoclonal anti-ICAM-1 antibody showed significant 
reduction in rejection and a significant increase in graft function in human 
kidney transplant patients (Haug, et al., 1993Transplantation 55, 766-72). 

• Rheumatoid arthritis 

5 ICAM-1 overexpression is seen on synovial fibroblasts, endothelial cells, 
macrophages, and some lymphocytes (Chin et al., 1990 Arthritis Rheum 33, 
1776-86; Koch et al., 1991 Lab Invest 64, 313-20). 

Soluble ICAM-1 levels correlate with disease severity (Mason et al., 1993 
Arthritis Rheum 36, 51 9-27). 

10 Anti-ICAM antibody inhibits collagen-induced arthritis in mice (Kakimoto et al., 
1992 Ceil Immunol 142, 326-37). 

Anti-ICAM antjbody inhibits adjuvant-induced arthritis in rats (ligo et al., 1991 J 
Immunol 147, 4167-71). 

• Myocardial ischemia, stroke, and reperfusion injury 

15 Anti-ICAM-1 antibody blocks adherence of neutrophils to anoxic endothelial 
cells (Yoshida et al., 1 992 Am J Physiol 262, H 1 891 -8). 

Anti-ICAM-1 antibody reduces neurological damage in a rabbit model of 
cerebral stroke (Bowes et al., 1993 Exp Neurol 119, 215-9). 

Anti-ICAM-1 antibody protects against reperfusion injury in a cat model of 
20 myocardial ischemia (Ma et al., 1992Circulation 86, 937-46). 

• Asthma 

Antibody to ICAM-1 partially blocks eosinophil adhesion to endothelial cells 
and is overexpressed on inflamed airway endothelium and epithelium in vivo 
(Wegner et al., 1990 Science 247, 456-9). 

25 In a primate model of asthma, anti-ICAM-1 antibody blocks airway eosinophilia 
(Wegneret al., supra) and prevents the resurgence of airway inflammation and 
hyper-responsiveness after dexamethosone treatment (Gundel et al., 1992 Clin 
Exp Allergy 22, 569-75). 

• Psoriasis 
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Surface ICAM-1 and a clipped, soluble version of ICAM-1 is expressed in 
psoriatic lesions and expression correlates with inflammation (Kellner et al., 
1991 Br J Dermatome, 211-6; Griffiths 1989 J Am Acad Dermatol 20, 617-29; 
Schopf et al. v 1993 Br J Dermatol 128, 34-7). 

5 Anti-ICAM antibody blocks keratinocyte antigen presentation to T cells 
(Nickoloff et al.. 1993J Immunol ISO, 2148-59 ). 

• Kawasaki disease 

Surface ICAM-1 expression correlates with the disease and is reduced by 
effective immunoglobulin treatment (Leung, et al., 1989Lancef 2, 1298-302). 

10 Soluble ICAM levels are elevated in Kawasaki disease patients; particularly 
high levels are observed in patients with coronary artery lesions (Furukawa et 
al., 1992Arthritis Rheum35, 672-7; Tsuji, 1992 ArerugiM, 1507-14). 

Circulating LFA-1+ T cells are depleted (presumably due to ICAM-1 mediated 
extravasation) in Kawasaki disease patients (Furukawa et al., 1993Scand J 
15 Immunol 37, 377-80). 

Example 2: IL-5 

Ribozymes that cleave IL-5 mRNA represent a novel therapeutic 
approach to inflammatory disorders like asthma. The invention features 
use of ribozymes to treat chronic asthma, e^, by inhibiting the synthesis 
20 of IL-5 in lymphocytes and preventing the recruitment and activation of 
eosinophils. 

A number of cytokines besides IL-5 may also be involved in the 
activation of inflammation in asthmatic patients, including platelet activating 
factor, IL-1, IL-3, IL-4, GM-CSF, TNF-oc, gamma interferon, VCAM, ILAM-1, 

25 ELAM-1 and NF-kB. In addition to these molecules, it is appreciated that 
any cellular receptors which mediate the activities of the cytokines are also 
good targets for intervention in inflammatory diseases. These targets 
include, but are not limited to, the IL-1R and TNF-aR on keratinocytes, 
epithelial and endothelial cells in airways. Recent data suggest that certain 

30 neuropeptides may play a role in asthmatic symptoms. These peptides 
include substance P, neurokinin A and calcitonin-gene-related peptides. 
These target genes may have more general roles in inflammatory 
diseases, but are currently assumed to have a role only in asthma. 
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Ribozymes of this invention block to some extent IL-5 expression and 
can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
asthma (Clutterbuck et al., 1989 supra: Garssen et al., 1991 Am. Rev. 
5 Respir. Pis. 144, 931-938; Larsen et al., 1992 J. Clin. Invest. 89, 747-752; 
Mauser et al., 1993 supra ). Ribozyme cleavage of IL-5 mRNA in these 
systems may prevent inflammatory cell function and alleviate disease 
symptoms. 

The sequence of human and mouse IL-5 mRNA were screened for 
10 accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 11, 13, and 14, 15. (All sequences are 5* to 3' in 
the tables.) While mouse and human sequences can be screened and 
ribozymes thereafter designed, the human targeted sequences are of most 
15 utility. However, mouse targeted ribozymes are useful to test efficacy of 
action of the ribozyme prior to testing in humans. The nucleotide base 
position is noted in the Tables as that site to be cleaved by the designated 
type of ribozyme. (In Table 12, lower case letters indicate positions that are 
not conserved between the Human and the Mouse IL-5 sequences.) 

20 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 12, 14 - 16. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem loop II sequence of 

25 hammerhead ribozymes listed in Tables 12 and 14 (5'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion and/or insertion) to contain any 
sequence provided, a minimum of two base-paired stem structure can form. 
Similarly, stem-loop IV sequence of hairpin ribozymes listed in Tables 15 
and 16 (S'-CACGUUGUG-S') can be altered (substitution, deletion and/or 

30 insertion) to contain any sequence provided, a minimum of two base- 
paired stem structure can form. The sequences listed in Tables 12, 14 - 16 
may be formed of ribonucleotides or other nucleotides or non-nucleotides. 
Such ribozymes are equivalent to the ribozymes described specifically in 
the Tables. 

35 By engineering ribozyme motifs we have designed several ribozymes 

directed against IL-5 mRNA sequences. These ribozymes are synthesized 



WO 95/23225 



PCT/IB95/00156 



30 

with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave IL-5 target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing IL-5 
expression levels. Ribozymes will be delivered to cells by incorporation 
5 into liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA or RNA vectors. IL-5 expression will be monitored 
by biological assays, ELISA, by indirect immunofluoresence, and/or by 
FACS analysis. IL-5 mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
1 0 Ribozymes that block the induction of IL-5 activity and/or IL-5 mRNA by 
more than 90% will be identified. 

Uses 

Interleukin 5 (IL-5), a cytokine produced by CD4+ T helper cells and 
mast cells, was originally termed B cell growth factor II (reviewed by 

15 Takatsu et al., 1988 Immunol. Rev. 102. 107). It stimulates proliferation of 
activated B cells and induces production of IgM and IgA. IL-5 plays a major 
role in eosinophil function by promoting differentiation (Clutterbuck et al., 
1989 Blood 73, 1504-12), vascular adhesion (Walsh et al., 1990 
Immunology 71, 258-65) and in vitro survival of eosinophils (Lopez et al., 

20 1988 J. Exp. Med. 167, 219-24). This cytokine also enhances histamine 
release from basophils (Hirai et al., 1990 J. Exp. Med. 172, 1525-8). The 
following summaries of clinical results support the selection of IL-5 as a 
primary target for the treatment of asthma: 

Several studies have shown a direct correlation between the number 
25 of activated T cells and the number of eosinophils from asthmatic patients 
vs. normal patients (Oehling et al., 1992 J. Investig. Allergol. Clin. Immunol. 
. 2, 295-9). Patients with either allergic asthma or intrinsic asthma were 
treated with corticosteroids. The bronchoalveolar lavage was monitored for 
eosinophils, activated T helper cells and recovery of pulmonary function 
30 over a 28 to 30 day period. The number of eosinophils and activated T 
helper cells decreased progressively with subsequent improvement in 
pulmonary function compared to intrinsic asthma patients with no 
corticosteroid treatment. 

Bronchoalveolar lavage cells were screened for production of 
35 cytokines using in situ hybridization for mRNA. In situ hybridization signals 
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were detected for IL-2, IL-3, IL-4, IL-5 and GM-CSF. Upregulation of mRNA 
was observed for IL-4, IL-5 and GM-CSF (Robinson et al., 1993 J. Allergy 
Clin. Immunol . 92, 313-24). Another study showed that upregulation of IL-5 
transcripts from allergen challenged vs. saline challenged asthmatic 
5 patients (Krishnaswamy et al., 1993 Am. J. Respir. Cell. Mot. Biol 9, 279- 
86). 

An 18 patient study was performed to determine a mechanism of 
action for corticosteroid improvement of asthma symptoms. Improvement 
was monitored by methacholine responsiveness. A correlation was 
10 observed between the methacholine responsiveness, a reduction in the 
number of eosinophils, a reduction in the number of cells expressing IL-4 
and IL-5 mRNA and an increase in number of cells expressing interferon- 
gamma. 

Bronchial biopsies from 15 patients were analyzed 24 hours after 
15 allergen challenge (Bentley et al., 1993 Am. J. Respir. Cell. Mol. Rinl 8, 
35-42). Increased numbers of eosinophils and IL-2 receptor positive cells 
were found in the biopsies. No differences in the numbers of total 
leukocytes, T lymphocytes, elastase-positive neutrophils, macrophages or 
mast cell subtypes were observed. The number of cells expressing IL-5 
20 and GM-CSF mRNA significantly increased. 

In another patient study, the eosinophil phenotype was the same for 
asthmatic patients and normal individuals. However, eosinophils from 
asthmatic patients had greater leukotriene C4 producing capacity and 
migration capacity. There were elevated levels of IL-3, IL-5 and GM-CSF in 
25 the circulation of asthmatics but not in normal individuals (Bruijnzeel et al., 
1992 Schweiz. Med. Wochenschr. 122,298-301). 

Efficacy of antibody to IL-5 was assessed in a guinea pig asthma 
model. The animals were challenged with ovalbumin and assayed for 
eosinophilia and the responsiveness to the bronchioconstriction substance 

30 P. A 30 mg/kg dose of antibody administered i.p. blocked ovalbumin- 
induced increased sensitivity to substance P and blocked increases in 
bronchoalveolar and lung tissue accumulation of eosinophils (Mauser et 
al - 1993 Am. Rev. Respir, Djs. 148, 1623-7). Ip a separate study guinea 
pigs challenged for eight days with ovalbumin were treated with 

35 monoclonal antibody to IL-5. Treatment produced a reduction in the 
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number of eosinophils in bronchoalveolar lavage. No reduction was 
observed for unchallenged guinea pigs and guinea pigs treated with a 
control antibody. Antibody treatment completely inhibited the development 
of hyperreactivity to histamine and arecoline after ovalbumin challenge 
5 (van Oosterhout et al., 1 993 Am. Rev. Respir. Pis. 1 47, 548-52) 

Results obtained from human clinical analysis and animal studies 
indicate the role of activated T helper cells, cytokines and eosinophils in 
asthma. The role of IL-5 in eosinophil development and function makes IL- 
5 a good candidate for target selection. The antibody studies neutralized 
10 IL-5 in the circulation thus preventing eosinophilia. Inhibition of the 
production of IL-5 will achieve the same goal. 

Asthma - a prominent feature of asthma is the infiltration of 
eosinophils and deposition of toxic eosinophil proteins (e.g. major basic 
protein, eosinophil-derived neurotoxin) in the lung. A number of T-cell- 
1 5 derived factors like IL-5 are responsible for the activation and maintainance 
of eosinophils (Kay, 1991 J. Allerov Clin. Immiin 87, 893). Inhibition of IL-5 
expression in the lungs can decrease the activation of eosinophils and will 
help alleviate the symptoms of asthma. 

Atopy - is characterized by the developement of type I hypersensitive 
20 reactions associated with exposure to certain environmental antigens. One 
of the common clinical manifestations of atopy is eosinophilia 
(accumulation of abnormally high levels of eosinophils in the blood). 
Antibodies against IL-5 have been shown to lower the levels of eosinophils 
in mice (Cook et al., 1 993 in Immunopharmacol. Eosino phils e d. Smith and 
25 Cook, pp. 193-216, Academic, London, UK) 

Parasitic infection-related eosinophilia- infections with 
parasites like helminths, can lead to severe eosinophilia (Cook et al., 1993 
S"Pra). Animal models for eosinophilia suggest that infection of mice, for 
example, can lead to blood, peritoneal and/or tissue eosinophilia, all of 
30 which seem to be lowered to varying degrees by antibodies directed 
against IL-5. 

Pulmonary infiltration eosinophilia- is characterised by 
accumulation of high levels of eosinophils in pulmonary parenchyma 
(Gleich, 1990 J. Allerov Clin. Immunol. 85, 422). 
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L-Tryptophan-associated eosinophilia-myalgia syndrome 
(EMS)- The EMS disease is closely linked to the consumption of L- 
tryptophan, an essential aminoacid used to treat conditions like insomnia 
(for review see Varga et al., 1993 J Invest. Dermatol 100, 97s). Pathologic 
5 and histologic studies have demonstrated high levels of eosinophils and 
mononuclear inflammatory cells in patients with EMS. It appears that IL-5 
and transforming growth factor play a significant role in the development of 
EMS (Varga et al., 1993 supra ) by activating eosinophils and other 
inflammatory cells. 

1 0 Thus, ribozymes of the present invention that cleave IL-5 mRNA and 

thereby IL-5 activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits IL-5 
function is described above; available cellular and activity assays are 

15 numerous, reproducible, and accurate. Animal models for IL-5 function 
and for each of the suggested disease targets exist (Cook et al., 1993 
supra) and can be used to optimize activity. 

Example 3: NF-kB 

Ribozymes that cleave rel A mRNA represent a novel therapeutic 
20 approach to inflammatory or autoimmune disorders. Inflammatory 
mediators such as lipopolysaccharide (LPS), interleukin-1 (IL-1) or tumor 
necrosis factor-a (TNF-a) act on cells by inducing transcription of a number 
of secondary mediators, including other cytokines and adhesion 
molecules. In many cases, this gene activation is known to be mediated by 
25 the transcriptional regulator, NF-kB. One subunit of NF-kB, the re/A gene 
product (termed RelA or p65) is implicated specifically in the induction of 
inflammatory responses. Ribozyme therapy, due to its exquisite specificity, 
is particularly well-suited to target intracellular factors that contribute to 
disease pathology. Thus, ribozymes that cleave mRNA encoded by re| A or 
30 TNF-a may represent novel therapeutics for the treatment of inflammatory 
and autoimmune disorders. 

The nuclear DNA-binding activity, NF-kB, was first identified as a 
factor that binds and activates the immunoglobulin k light chain enhancer 
in B cells. NF-kB now is known to activate transcription of a variety of other 
35 cellular genes (e.g., cytokines, adhesion proteins, oncogenes and viral 
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proteins) in response to a variety of stimuli (e.g., phorbol esters, mitogens, 
cytokines and oxidative stress). In addition, molecular and biochemical 
characterization of NF-kB has shown that the activity is due to a 
homodimer or heterodimer of a family of DNA binding subunits. Each 
5 subunit bears a stretch of 300 amino acids that is homologous to the 
oncogene, v-re/. The activity first described as NF-kB is a heterodimer of 
p49 or p50 with p65. The p49 and p50 subunits of NF-kB (encoded by the 
nf-KB2 or nf-icB1 genes, respectively) are generated from the precursors 
NF-kB1 (p105) or NF-kB2 (p100). The p65 subunit of NF-kB (now 
1 0 termed Rel A ) is encoded by the rel A locus. 

The roles of each specific transcription-activating complex now are 
being elucidated in cells (N.D. Perkins, et al., 1992 Proc. Natl Acad fo i 
USA 89, 1529-1533). For instance, the heterodimer of NF-kB1 and Rel A 
(p50/p65) activates transcription of the promoter for the adhesion molecule, 

15 VCAM-1, while NF-KB2/RelA heterodimers (p49/p65) actually inhibit 
transcription (H.B. Shu, et al., Mol. Cell. Biol. 13, 6283-6289 (1993)). 
Conversely, heterodimers of NF-KB2/RelA (p49/p65) act with Tat-I to 
activate transcription of the HIV genome, while NF-kB 1/RelA (p50/p65) 
heterodimers have little effect (J. Liu, N.D. Perkins, R.M. Schmid, G.J. 

20 Nabel, J. Virol. 1992 66, 3883-3887). Similarly, blocking rel A gene 
expression with antisense oligonucleotides specifically blocks embryonic 
stem cell adhesion; blocking NF-kB1 gene expression with antisense 
oligonucleotides had no effect on cellular adhesion (Narayanan et al., 
1993 Mol- Cell. Biol t 13, 3802-3810). Thus, the promiscuous role initially 

25 assigned to NF-kB in transcriptional activation (M.J. Lenardo, D. Baltimore, 
1 989 Cell 58, 227-229) represents the sum of the activities of the rel family 
of DNA-binding proteins. This conclusion is supported by recent transgenic 
"knock-out" mice of individual members of the rel family. Such "knock- 
outs" show few developmental defects, suggesting that essential 

30 transcriptional activation functions can be performed by more than one 
member of the rel farhily. 

A number of specific inhibitors of NF-kB function in cells exist, 
including treatment with phosphorothioate antisense oliogonucleotide, 
treatment with double-stranded NF-kB binding sites, and over expression 
35 of the natural inhibitor MAD-3 (an IkB family member). These agents have 



WO 9S/23225 



PCT/IB95/00156 



35 

been used to show that NF-kB is required for induction of a number of 
molecules involved in inflammation, as described below. 

•NF-kB is required for phorbol ester-mediated induction of IL-6 (I. 
Kitajima, et al., Science 258, 1792-5 (1992)) and IL-8 (Kunsch and Rosen, 
5 1993 Mol. Cell. Biol . 13. 6137-4R) 

•NF-kB is required for induction of the adhesion molecules ICAM-1 
(Eck, et al., 1993 Mol. Cell. Biol. 13, 6530-6536), VCAM-1 (Shu et al., 
supra), and E-selectin (Read, et al., 1994 J. Exp. Med. 179, 503-512) on 
endothelial cells. 

1 0 »NF-kB is involved in the induction of the integrin subunit, CD18, and 

other adhesive properties of leukocytes (Eck et al., 1993 supra). 

The above studies suggest that NF-kB is integrally involved in the 
induction of cytokines and adhesion molecules by inflammatory mediators. 
Two recent papers point to another connection between NF-kB and 

15 inflammation: glucocorticoids may exert their anti-inflammatory effects by 
inhibiting NF-kB. The glucocorticoid receptor and p65 both act at NF-kB 
binding sites in the ICAM-1 promoter (van de Stolpe, et al., 1994 J. Biol. 
ChenL 269, 6185-6192). Glucocorticoid receptor inhibits NF-KB-mediated 
induction of IL-6 (Ray and Prefontaine, 1994 Proc. Natl Acad. Sci USA 91, 

20 752-756). Conversely, overexpression of p65 inhibits glucocorticoid 
induction of the mouse mammary tumor virus promoter. Finally, protein 
cross-linking and co-immunoprecipitation experiments demonstrated direct 
physical interaction between p65 and the glucocorticoid receptor (Id.). 

Ribozymes of this invention block to some extent NF-kB expression 
25 and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
of restenosis, transplant rejection and rheumatoid arthritis. Ribozyme 
cleavage of relA mRNA in these systems may prevent inflammatory cell 
function and alleviate disease symptoms. 

30 The sequence of human and mouse re/A mRNA can be screened for 

accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 17, 18 and 21-22. (All sequences are 5' to 3' in 
the tables.). While mouse and human sequences can be screened and 
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ribozymes thereafter designed, the human targetted sequences are of most 
utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 19-22. Those in the art will recognize that 
5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

10 By engineering ribozyme motifs we have designed several ribozymes 

directed against re/ A mRNA sequences. These ribozymes are synthesized 
with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave re/A target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing cytokine- 
15 induced VCAM-1, ICAM-1, !L-6 and IL-8 expression levels. Ribozymes will 
be delivered to cells by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA and RNA 
vectors. Cytokine-induced VCAM-1, ICAM-1, IL-6 and IL-8 expression will 
be monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
20 analysis. Rel A mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
Activity of NF-kB will be monitored by gel-retardation assays. Ribozymes 
that block the induction of NF-kB activity and/or rel A mRNA by more than 
50% will be identified, 

25 RNA ribozymes and/or genes encoding them will be locally delivered 

to transplant tissue ex vivo in animal models. Expression of the ribozyme 
will be monitored by its ability to block ex vivo induction of VCAM-1, ICAM- 
1, IL-6 and IL-8 mRNA and protein. The effect of the anti-re/ A ribozymes 
on graft rejection will then be assessed. Similarly, ribozymes will be 

30 introduced into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable ar\\i-relA ribozyme or a gene 
construct that constitutively expresses the ribozyme may abrogate 

35 inflammatory and immune responses in these diseases. 



WO 95/23225 



PCT/EB95/00156 



37 

Uses 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
5 treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves rel A mRNA, 
uses are limited to local delivery, acute indications, or ex vivo treatment. 

1 0 •Rheumatoid arthritis (RA). 

Due to the chronic nature of RA, a gene therapy approach is logical. 
Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 

15 synovium: high efficiency of gene transfer and expression for several 
months would be expected (BJ. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L. Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 

20 administrations may be necessary. Retrovirus and adeno-associated virus 
vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Restenosis. 

25 Expression of NF-kB in the vessel wall of pigs causes a narrowing of 

the luminal space due to excessive deposition of extracellular matrix 
components. This phenotype is similar to matrix deposition that occurs 
subsequent to coronary angioplasty. In addition, NF-kB is required for the 
expression of the oncogene c-myb (F.A. La Rosa, J.W. Pierce, G.E. 

30 Soneneshein, Mol. Cell. Biol. 14, 1039-44 (1994)). Thus NF-kB induces 
smooth muscle proliferation and the expression of excess matrix 
components: both processes are thought to contribute to reocclusion of 
vessels after coronary angioplasty. 

•Transplantation. 
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NF-kB is required for the induction of adhesion molecules (Eck et al., 
supra, K. O'Brien, et aL. J. Clin. Invest. 92, 945-951 (1993)) that function in 
immune recognition and inflammatory responses. At least two potential 
modes of treatment are possible. In the first, transplanted organs are 
5 treated ex vivo with ribozymes or ribozyme expression vectors. Transient 
inhibition of NF-kB in the transplanted endothelium may be sufficient to 
prevent transplant-associated vasculitis and may significantly modulate 
graft rejection. In the second, donor B cells are treated ex vivo with 
ribozymes or ribozyme expression vectors. Recipients would receive the 
10 treatment prior to transplant. Treatment of a recipient with B cells that do 
not express T cell co-stimulatory molecules (such as ICAM-1, VCAM-1, 
and/or B7 an B7-2) can induce antigen-specific anergy. Tolerance to the 
donor's histocompatibility antigens could result; potentially, any donor 
could be used for any transplantation procedure. 

15 •Asthma, 

Granulocyte macrophage colony stimulating factor (GM-CSF) is 
thought to play a major role in recruitment of eosinophils and other 
inflammatory cells during the late phase reaction to asthmatic trauma. 
Again, blocking the local induction of GM-CSF and other inflammatory 
20 mediators is likely to reduce the persistent inflammation observed in 
chronic asthmatics. Aerosol delivery of ribozymes or adenovirus ribozyme 
expression vectors is a feasible treatment. 

•Gene Therapy. 

Immune responses, limit the efficacy of many gene transfer 
25 techniques. Cells trahsfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
30 adenovirus or retrovirus constructs will greatly enhance their potential. 

Thus, ribozymes of the present invention that cleave relA mRNA and 
thereby NF-kB activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits NF-kB 
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function is described above; available cellular and activity assays are 
number, reproducible, and accurate. Animal models for NF-kB function 
(Kitajima, et al., supra) and for each of the suggested disease targets exist 
and can be used to optimize activity. 

5 Example 4: TNF-« 

Ribozymes that cleave the specific cites in TNF-a mRNA represent a 
novel therapeutic approach to inflammatory or autoimmune disorders. 

Tumor necrosis factor-a (TNF-a) is a protein, secreted by activated 
leukocytes, that is a potent mediator of inflammatory reactions. Injection of 
10 TNF-a into experimental animals can simulate the symptoms of systemic 
and local inflammatory diseases such as septic shock or rheumatoid 
arthritis. 

TNF-a was initially described as a factor secreted by activated 
macrophages which mediates the destruction of solid tumors in mice (Old, 

15 1985 Science 230, 4225-4231). TNF-a subsequently was found to be 
identical to cachectin, an agent responsible for the weight loss and wasting 
syndrome associated with tumors and chronic infections (Beutler, et al., 
1985 Nature 316, 552-554). The cDNA and the genomic locus for TNF-a 
have been cloned and found to be related to TNF-B (Shakhov et al., 1990 

20 J. Exp, Med, 171, 35-47). Both TNF-a and TNF-B bind to the same 
receptors and have nearly identical biological activities. The two TNF 
receptors have been found on most cell types examined (Smith, et al., 
1990 Science 248, 1019-1023). TNF-a secretion has been detected from 
monocytes/macrophages, CD4+ and CD8+ T-cells, B-cells, lymphokine 

25 activated killer cells, neutrophils, astrocytes, endothelial cells, smooth 
muscle cells, as well as various non-hematopoietic tumor cell lines ( for a 
review see Turestskaya et al., 1991 in Tumor Necrosis Factor Structure , 
Function, and Mechanism of Action B. B. Aggarwal, J. Vilcek, Eds. Marcel 
Dekker, Inc., pp. 35-60). TNF-a is regulated transcriptionally and 

30 translationally, and requires proteolytic processing at the plasma 
membrane in order to be secreted (Kriegler et al., 1988 CeJi 53, 45-53). 
Once secreted, the serum half life of TNF-a is approximately 30 minutes. 
The tight regulation of TNF-a is important due to the extreme toxicity of this 
cytokine. Increasing evidence indicates that overproduction of TNF-a 
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during infections can lead to severe systemic toxicity and death (Tracey & 
Cerami. 1992 Am. J. Troo. Med. Hvo. 47. P-7) 

Antisense RNA and Hammerhead ribozymes have been used in an 
attempt to lower the expression level of TNF-a by targeting specified 
5 cleavage sites [Sioud et al., 1992 J. Mol. Binl 223; 831; Sioud WO 
94/10301; Kisich and co-workers, 1990 abstract (FASEB .1. 4, A1860; 1991 
slide presentation (J, Leukocyte Biol, sup. 2, 70); December, 1992 poster 
presentation at Anti-HIV Therapeutics Conference in SanDiego, CA; and 
"Development of anti-TNF-a ribozymes for the control of TNF-a gene 
10 expression"- Kisich, Doctoral Dissertation, 1993 University of California, 
Davis] listing various TNFa targeted ribozymes. 

Ribozymes of this invention block to some extent TNF-a expression 
and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
15 of septic shock and rheumatoid arthritis. Ribozyme cleavage of TNF-a 
mRNA in these systems may prevent inflammatory cell function and 
alleviate disease symptoms. 

The sequence of human and mouse TNF-a mRNA can be screened 
for accessible sites using a computer folding algorithm. Hammerhead or 

20 hairpin ribozyme cleavage sites were identified. These sites are shown in 
Tables 23, 25, and 27 - 28. (All sequences are 5' to 3* in the tables.) While 
mouse and human sequences can be screened and ribozymes thereafter 
designed, the human targeted sequences are of most utility. However, 
mouse targeted ribozymes are useful to test efficacy of action of the 

25 ribozyme prior to testing in humans. The nucleotide base position is noted 
in the Tables as that site to be cleaved by the designated type of ribozyme. 
(In Table 24, lower case letters indicate positions that are not conserved 
between the human and the mouse TNF-a sequences.) 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 24, 26 - 28. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes listed in Tables 24 and 26 (5-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion, and/or insertion) to contain any 
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sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 27 and 28 (5'-CACGUUGUG-3') can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
5 two base-paired stem structure can form. The sequences listed in Tables 
24, 26 - 28 may be formed of ribonucleotides or other nucleotides or non- 
nucleotides. Such ribozymes are equivalent to the ribozymes described 
specifically in the Tables or AAV . 

In a preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-a RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA viral vector or AAV or alpha virus or 
retroviris vectors. Viral vectors have been used to transfer genes to the 
intact vasculature or to joints of live animals (Willard et al., 1992 
Circulation, 86, I-473.; Nabel et al., 1990 Science . 249, 1285-1288) and 
both vectors lead to transient gene expression. The adenovirus vector is 
delivered as recombinant adenoviral particles. DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The DNA, 
DNA/vehicle complexes, or the recombinant adenovirus particles are 
locally administered to the site of treatment, e.g., through the use of an 
injection catheter, stent or infusion pump or are directly added to cells or 
tissues ex vivo. 

In another preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-~ RNA is inserted into a retrovirus 
vector for sustained expression of ribozyme(s). 

25 By engineering ribozyme motifs we have designed several ribozymes 

directed against TNF-a mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave TNF-a target sequences in vitro is evaluated. 

The ribozymes will be tested for function in cells by analyzing 
30 bacterial lipopolysaccharide (LPS)-induced TNF-a expression levels. 
Ribozymes will be delivered to cells by incorporation into liposomes, by 
complexing with cationic lipids, by microinjection, or by expression from 
DNA vectors. TNF-a expression will be monitored by ELISA, by indirect 
immunofluoresence, and/or by FACS analysis. TNF-a mRNA levels will be 
35 assessed by Northern analysis, RNAse protection, primer extension 
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analysis or quantitative RT-PCR. Ribozymes that block the induction of 
TNF-ct activity and/or TNF-a mRNA by more than 90% will be identified. 

RNA ribozymes and/or genes encoding them will be locally delivered 
to macrophages by intraperitoneal injection. After a period of ribozyme 
5 uptake, the peritoneal macrophages are harvested and induced ex vivo 
with LPS. The ribozymes that significantly reduce TNF-a secretion are 
selected. The TNF-a can also be induced after ribozyme treatment with 
fixed Streptococcus in the peritoneal cavity instead of ex vivo. In this 
fashion the ability of TNF-a ribozymes to block TNF-a secretion in a 
10 localized inflammatory response are evaluated. In addition, we will 
determine if the ribozymes can block an ongoing inflammatory response by 
delivering the TNF-a ribozymes after induction by the injection of fixed 
Streptococcus. 

To examine the effect of anti-TNF-a ribozymes on systemic 
1 5 inflammation, the ribozymes are delivered by intravenous injection. The 
ability of the ribozymes to inhibit TNF-a secretion and lethal shock caused 
by systemic LPS administration are assessed. Similarly, TNF-a ribozymes 
can be introduced into the joints of mice with collagen-induced arthritis. 
Either free delivery, liposome delivery, cationic lipid delivery, adeno- 
20 associated virus vector delivery, adenovirus vector delivery, retrovirus 
vector delivery or plasmid vector delivery in these animal model 
experiments can be used to supply ribozymes. One dose (or a few 
infrequent doses) of a stable anti-TNF-a ribozyme or a gene construct that 
constitutively expresses the ribozyme may abrogate tissue damage in 
25 these inflammatory diseases. 

Macrophage isolation. 

To produce responsive macrophages 1 ml of sterile fluid thioglycollate 
broth (Difco, Detroit, Ml.) was injected i.p. into 6 week old female 
. C57bI/6NCR mice 3 days before peritoneal lavage. Mice were maintained 
30 as specific pathogen free in autoclaved cages in a laminar flow hood and 
given sterilized water to minimize "spontaneous" activation of 
macrophages. The resulting peritoneal exudate cells (PEC) were obtained 
by lavage using Hanks balanced salt solution (HBSS) and were plated at 
2.5X1 05/well in 96 well plates (Costar, Cambridge, MA.) with Eagles 
35 minimal essential medium (EMEM) containing 10% heat inactivated fetal 
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bovine serum. After adhering for 2 hours the wells were washed to remove 
non-adherent cells. The resulting cultures were 97% macrophages as 
determined by morphology and staining for non-specific esterase. 

Transfection of ribozymes into macrophages: 

5 The ribozymes were diluted to 2X final concentration, mixed with an 

equal volume of 11nM lipofectamine (Life Technologies, Gaithersburg, 
MD.), and vortexed. 100 ml of lipidrribozyme complex was then added 
directly to the cells, followed immediately by 10 ml fetal bovine serum. 
Three hours after ribozyme addition 100 ml of 1 mg/ml bacterial 
10 lipopolysaccaride (LPS) was added to each well to stimulate TNF 
production. 

Quantitation of TNF-a in mouse macrophages: 

Supernatants were sampled at 0, 2, 4, 8, and 24 hours post LPS 
stimulation and stored at -70°C. Quantitation of TNF-cc was done by a 

1 5 specific ELISA. ELISA plates were coated with rabbit anti-mouse TNF-a 
serum at 1:1000 dilution (Genzyme) followed by blocking with milk proteins 
and incubation with TNF-a containing supernatants. TNF-a was then 
detected using a murine TNF-a specific hamster monoclonal antibody 
(Genzyme). The ELISA was developed with goat anti-hamster IgG coupled 

20 to alkaline phosphatase. 

Assessment of reagent toxicity: 

Following ribozyme/lipid treatment of macrophages and harvesting of 
supernatants viability of the cells was assessed by incubation of the cells 
with 5 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
25 bromide (MTT). This compound is reduced by the mitochondrial 
dihydrogenases, the activity of which correlates well with cell viability. After 
12 hours the absorbance of reduced MTT is measured at 585 nm. 

Uses 

The association between TNF-a and bacterial sepsis, rheumatoid 
30 arthritis, and autoimmune disease make TNF-a an attractive target for 
therapeutic intervention [Tracy & Cerami 1992 supra: Williams et al., 1992 
Proc. Natl. Acad, Sci. USA 89, 9784-9788; Jacob, 1992 J. Autoimmnn 5 
(Supp. A), 133-143]. " ~ 
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Septic Shock 

Septic shock is a complication of major surgery, bacterial infection, 
and polytrauma characterized by high fever, increased cardiac output, 
reduced blood pressure and a neutrophilic infiltrate into the lungs and 
5 other major organs. Current treatment options are limited to antibiotics to 
reduce the bacterial load and non-steroidal anti-inflammatories to reduce 
fever. Despite these treatments in the best intensive care settings, mortality 
from septic shock averages 50%, due primarily to multiple organ failure 
and disseminated vascular coagulation. Septic shock, with an incidence of 

1 0 200.000 cases per year in the United States, is the major cause of death in 
intensive care units. In septic shock syndrome, tissue injury or bacterial 
products initiate massive immune activation, resulting in the secretion of 
pro-inflammatory cytokines which are not normally detected in the serum, 
such as TNF-a, interleukin-1 13 (IL-1B), y-interferon (IFN-y), interleukin-6 (IL- 

15 6), and interleukin-8 (IL-8). Other non-cytokine mediators such as 
leukotriene b4, prostaglandin E2, C3a and C3d also reach high levels (de 
Boer et al., 1992 I mmunopharmacolooy 24, 135-148). 

TNF-a is detected early in the course of septic shock in a large fraction 
of patients (de Boer et al., 1992 supral In animal models, injection of TNF- 

20 a has been shown to induce shock-like symptoms similar to those induced 
by LPS injection (Beutler et al., 1985 Science 229, 869-871); in contrast, 
injection of IL-1B, IL-6, or IL-8 does not induce shock. Injection of TNF-a 
also causes an elevation of IL-1B, IL-6, IL-8, PgE 2 . acute phase proteins, 
and TxA2 in the serum of experimental animals (de Boer et al., 1992 

25 supia). In animal models the lethal effects of LPS can be blocked by pre- 
administration of anti-TNF-a antibodies, the cumulative evidence indicates 
that TNF-a is a key player in the pathogenesis of septic shock, and 
therefore a good candidate for therapeutic intervention. 

Rheumatoid Arthritis 

30 Rheumatoid arthritis (RA) is an autoimmune disease characterized by 

chronic inflammation of the joints leading to bone destruction and loss of 
joint function. At the cellular level, autoreactive T- lymphocytes and 
monocytes are typically present, and the synoviocytes often have altered 
morphology and immunostaining patterns. RA joints have been shown to 

35 contain elevated levels of TNF-a, IL-1 a and IL-1 B, IL-6, GM-CSF, and TGF- 
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13 (Abney et al., 1991 I mm. Rev. 119. 105-123), some or all of which may 
contribute to the pathological course of the disease. 

Cells cultured from RA joints spontaneously secrete all of the pro- 
inflammatory cytokines detected in vivo. Addition of antisera against TNF-a 
5 to these cultures has been shown to reduce IL-1a/(3 production by these 
cells to undetectable levels (Abney et al., 1991 SupraV Thus, TNF-a may 
directly induce the production of other cytokines in the RA joint. Addition of 
the anti-inflammatory cytokine, TGF-B, has no effect on cytokine secretion 
by RA cultures. Immunocytochemical studies of human RA surgical 

10 specimens clearly demonstrate the production of TNF-a, IL-1a/6, and IL-6 
from macrophages near the cartilage/pannus junction when the pannus in 
invading and overgrowing the cartilage (Chu et al., 1992 Br. J. 
Rheumatology 31 , 653-661). GM-CSF was shown to be produced mainly 
by vascular endothelium in these samples. Both TNF-a and TGF-B have 

15 been shown to be fibroblast growth factors, and may contribute to the 
accumulation of scar tissue in the RA joint. TNF-a has also been shown to 
increase osteoclast activity and bone resorbtion, and may have a role in 
the bone erosion commonly found in the RA joint (Cooper et al., 1992 Clin. 
Exo. Immunol. 89,244-250). 

20 Elimination of TNF-a from the rheumatic joint would be predicted to 

reduce overall inflammation by reducing induction of MHC class II, IL-1a/B, 
II-6, and GM-CSF, and reducing T-cell activation. Osteoclast activity might 
also fall, reducing the rate of bone erosion at the joint. Finally, elimination 
of TNF-a would be expected to reduce accumulation of scar tissue within 

25 the joint by removal of a fibroblast growth factor. 

Treatment with an anti-TNF-a antibody reduces joint swelling and the 
histological severity of collagen-induced arthritis in mice (Williams et al., 
1992 proc. Natl. Acad t Sci, USA 89, 9784-9788). In addition, a study of RA 
patients who have received i.v. infusions of anti-TNF-a monoclonal 
30 antibody reports a reduction in the number and severity of inflamed joints 
after treatment. The benefit of monoclonal antibody treatment in the long 
term may be limited by the expense and immunogenicity of the antibody. 

Psoriasis 



35 



Psoriasis is an inflammatory disorder, of the skin characterized by 
keratinocyte hyperproliferation and immune cell infiltrate (Kupper, 1990 J, 
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Clin. Invest, 86, 1783-1789). It is a fairly common condition, affecting 1.5- 
2.0% of the population. The disorder ranges in severity from mild, with 
small flaky patches of skin, to severe, involving inflammation of the entire 
epidermis. The cellular infiltrate of psoriasis includes T-lymphocytes, 
5 neutrophils, macrophages, and dermal dendrocytes. The majority of T- 
lymphocytes are activated CD4+ cells of the T H -1 phenotype, although 
some CD8+ and CD47CD8" are also present. B lymphocytes are typically 
not found in abundance in psoriatic plaques. 

Numerous hypotheses have been offered as to the proximal cause of 
10 psoriasis including auto-antibodies and auto-reactive T-cells, 
overproduction of growth factors, and genetic predisposition. Although 
there is evidence to support the involvement of each of these factors in 
psoriasis, they are neither mutually exclusive nor are any of them 
necessary and sufficient for the pathogenesis of psoriasis (Reeves, 1991 
15 Semin. Dermatol. 10. 217). 

The role of cytokines in the pathogenesis of psoriasis has been 
investigated. Among those cytokines found to be abnormally expressed 
were TGF-a , IL-1a, IL-13, IL-1ra, IL-6. IL-8, IFN-y, and TNF-a . In addition 
to abnormal cytokine production, elevated expression of ICAM-1, ELAM-1, 

20 and VCAM has been observed (Reeves, 1991 supra) . This cytokine profile 
is similar to that of normal wound healing, with the notable exception that 
cytokine levels subside upon healing. Keratinocytes themselves have 
recently been shown to be capable of secreting EGF, TGF-a, IL-6, and 
TNF-a, which could increase proliferation in an autocrine fashion (Oxholm 

25 etal., 1991 APM1S 99, 58-64). 

Nickoloff et al.. 1993 (J Dermatol Sci. 6, 127-33) have proposed the 
following model for the initiation and maintenance of the psoriatic plaque: 

Tissue damage induces the wound healing response in the skin. 
Keratinocytes secrete IL-1a, IL-18, IL-6, IL-8. TNF-a. These factors 
30 activate the endothelium of dermal capillaries, recruiting PMNs, 
macrophages, and T-cells into the wound site. 

Dermal dendrocytes near the dermal/epidermal junction remain 
activated when they should return to a quiescent state, and subsequently 
secrete cytokines including TNF-a, IL-6, and IL-8. Cytokine expression, in 
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turn, maintains the activated state of the endothelium, allowing 
extravasation of additional immunocytes, and the activated state of the 
keratinocytes which secrete TGF-a and IL-8. Keratinocyte IL-8 recruits 
immunocytes from the dermis into the epidermis. During passage through 
5 the dermis, T-cells encounter the activated dermal dendrocytes which 
efficiently activate the T H -1 phenotype. The activated T-cells continue to 
migrate into the epidermis, where they are stimulated by keratinocyte- 
expressed ICAM-1 and MHC class II. IFN-y secreted by the T-cells 
syhergizes with the TNF-a from dermal dendrocytes to increase 
1 0 keratinocyte proliferation and the levels of TGF-a, IL-8, and IL-6 production. 
IFN-y also feeds back to the dermal dendrocyte, maintaining the activated 
phenotype and the inflammatory cycle. 

Elevated serum titres of IL-6 increases synthesis of acute phase 
proteins including complement factors by the liver, and antibody production 
1 5 by plasma cells. Increased complement and antibody levels increases the 
probability of autoimmune reactions. 

Maintenance of the psoriatic plaque requires continued expression of 
all of these processes, but attractive points of therapeutic intervention are 
TNF-a expression by the dermal dendrocyte to maintain activated 
20 endothelium and keratinocytes, and IFN-y expression by T-cells to maintain 
activated dermal dendrocytes. 

There are 3 million patients in the United States afflicted with 
psoriasis. The available treatments for psoriasis are corticosteroids. The 
most widely prescribed are TEMOVATE (clobetasol propionate), LIDEX 

25 (fluocinonide), DIPROLENE (betamethasone propionate), PSORCON 
(diflorasone diacetate) and TRIAMCINOLONE formulated for topical 
application. The mechanism of action of corticosteroids is multifactorial. 
This is a palliative therapy because the underlying cause of the disease 
remains, and upon discontinuation of the treatment the disease returns. 

30 Discontinuation of treatment is often prompted by the appearance of 
adverse effects such as atrophy, telangiectasias and purpura. 
Corticosteroids are not recommended for prolonged treatments or when 
treatment of large and/or inflamed areas is required. Alternative treatments 
include retinoids, such as etretinate, which has been approved for 

35 treatment of severe, refractory psoriasis. Alternative retinoid-based 
treatments are in advanced clinical trials. Retinoids act by converting 
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keratinocytes to a differentiated state and restoration of normal skin 
development. Immunosuppressive drugs such as cyclosporine are also in 
the advanced stages of clinical trials. Due to the nonspecific mechanism of 
action of corticosteroids, retinoids and immunosuppressives, these 
5 treatments exhibit severe side effects and should not be used for extended 
periods of time unless the condition is life-threatening or disabling. There 
is a need for a less toxic, effective therapeutic agent in psoriatic patients. 

HIV and AI DS 

The human immunodeficiency virus (HIV) causes several 
10 fundamental changes in the human immune system from the time of 
infection until the development of full-blown acquired immunodeficiency 
. syndrome (AIDS). These changes include a shift in the ratio of CD4+ to 
CD8+ T-cells, sustained elevation of IL-4 levels, episodic elevation of TNF- 
a and TNF-B levels, hypergammaglobulinemia, and lymphoma/leukemia 
15 (Rosenberg & Fauci, 1990 Immun. Today 11, 176; Weiss 1993 Science 
260, 1273). Many patients experience a unique tumor, Kaposi's sarcoma 
and/or unusual opportunistic infections (e.g. Pneumocystis carina, 
cytomegalovirus, herpesviruses, hepatitis viruses, papilloma viruses, and 
tuberculosis). The immunological dysfunction of individuals with AIDS 
20 suggests that some of the pathology may be due to cytokine dysregulation. 

Levels of serum TNF-a and IL-6 are often found to be elevated in 
AIDS patients (Weiss, 1993 supral . In tissue culture, HIV infection of 
monocytes isolated from healthy individuals stimulates secretion of both 
TNF-a and IL-6. This response has been reproduced using purified gp120, 

25 the viral coat protein responsible for binding to CD-4 (Buonaguro et al., 
1992 J. Virol. 66, 7159). It has also been demonstrated that the viral gene 
regulator, Tat, can directly induce TNF transcription. The ability of HIV to 
directly stimulate secretion of TNF-a and IL-6 may be an adaptive 
mechanism of the virus. TNF-a has been shown to upregulate transcription 

30 of the LTR of HIV, increasing the number of HIV-specific transcripts in 
infected cells. IL-6 enhances HIV production, but at a post-transcriptional 
level, apparently increasing the efficiency with, which HIV transcripts are 
translated into protein. Thus, stimulation of TNF-a secretion by the HIV 
virus may promote infection of neighboring CD4+ cells both by enhancing 

35 virus production from latently infected cells and by driving replication of the 
virus in newly infected cells. 
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The role of TNF-a in HIV replication has been well established in 
tissue culture models of infection (Sher et a!., 1992 Immun. Rev. 127, 183), 
suggesting that the mutual induction of HIV replication and TNF-a 
replication may create positive feedback in vivo. However, evidence for the 
5 presence of such positive feedback in infected patients is not abundant. 
TNF-a levels are found to be elevated in some, but not all patients tested. 
Children with AIDS who were given zidovudine had reduced levels of TNF- 
a compared to those not given zidovudine (Cremoni et al., 1993 AIDS 7, 
128). This correlation lends support to the hypothesis that reduced viral 
10 replication is physiologically linked to TNF-a levels. Furthermore, recently 
it has been shown that the polyclonal B cell activation associated with HIV 
infection is due to membrane-bound TNF-a. Thus, levels of secreted TNF-a 
may not accurately reflect the contribution of this cytokine to AIDS 
pathogenesis. 

15 Chronic elevation of TNF-a has been shown to shown to result in 

cachexia (Tracey et al., 1992 Am. J. Trop. Med. Hyo. 47, 2-7), increased 
autoimmune disease (Jacob, 1992 supra) , lethargy, and immune 
suppression in animal models (Aderka et al„ 1992 Isr. J. Med. ScL 2fl T 126- 
130). The cachexia associated with AIDS may be associated with 

20 chronically elevated TNF-a frequently observed in AIDS patients. 
Similarly, TNF-a can stimulate the proliferation of spindle cells isolated 
from Kaposi's sarcoma lesions of AIDS patients (Barillari et al., 1992 J 
Immunol 149, 3727). 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
25 adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
30 immunosuppressive properties of a ribozyme that cleaves the specified 
sites in TNF-a mRNA, uses are limited to local delivery, acute indications, 
or ex vivo treatment. 

•Septic shock. 
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Exogenous delivery of ribozymes to macrophages can be achieved 
by intraperitoneal or intravenous injections. Ribozymes will be delivered 
by incorporation into liposomes or by complexing with cationic lipids. 

•Rheumatoid arthritis (RA). 

5 Due to the chronic nature of RA, a gene therapy approach is logical. 

Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 
synovium: high efficiency of gene transfer and expression for several 

10 months would be expected (B.J. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L. Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 
administrations may be necessary. Retrovirus and adeno-associated virus 

1 5 vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Psoriasis 

The psoriatic plaque is a particularly good candidate for ribozyme or 
20 vector delivery. The stratum corneum of the plaque is thinned, providing 
access to the proliferating keratinocytes. T-cells and dermal dendrocytes 
can be efficiently targeted by trans-epidermal diffusion . 

Organ culture systems for biopsy specimens of psoriatic and normal 
skin are described in current literature (Nickoloff et al., 1993 Supra) . 
25 Primary human keratinocytes are easily obtained and will be grown into 
epidermal sheets in tissue culture. In addition to these tissue culture 
models, the flaky skin mouse develops psoriatic skin in response to UV 
light. This model would allow demonstration of animal efficacy for 
ribozyme treatments of psoriasis. 

30 «Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
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' vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
adenovirus or retrovirus constructs will greatly enhance their potential. 

5 Thus, ribozymes of the present invention that cleave TNF-a mRNA 

and thereby TNF-a activity have many potential therapeutic uses, and 
there are reasonable modes of delivering the ribozymes in a number of the 
possible indications. Development of an effective ribozyme that inhibits 
TNF-a function is described above; available cellular and activity assays 
1 0 are number, reproducible, and accurate. Animal models for TNF-a function 
and for each of the suggested disease targets exist and can be used to 
optimize activity. 

Example 5: p210to |bl 

Chronic myelogenous leukemia exhibits a characteristic disease 
15 course, presenting initially as a chronic granulocytic hyperplasia, and 
invariably evolving into an acute leukemia which is caused by the clonal 
expansion of a cell with a less differentiated phenotype (Le„ the blast crisis 
stage of the disease), CML is an unstable disease which ultimately 
progresses to a terminal stage which resembles acute leukemia. This 
20 lethal disease affects approximately 16,000 patients a year. 
Chemotherapeutic agents such as hydroxyurea or busulfan can reduce the 
leukemic burden but do not impact the life expectancy of the patient (e.g. 
approximately 4 years). Consequently, CML patients are candidates for 
bone marrow transplantation (BMT) therapy. However, for those patients 
25 which survive BMT, disease recurrence remains a major obstacle 
(Apperiey et aL, 1 988 Br. J. Haematol 69, 239). 

The Philadelphia (Ph) chromosome which results from the 
translocation of the abl oncogene from chromosome 9 to the bcr gene on 
chromosome 22 is found in greater than 95% of CML patients and In 10- 

30 25% of all cases of acute lymphoblastic leukemia {(ALL); Fourth 
International Workshop on Chromosomes in Leukemia 1982, Cancer 
Genet. Cytoqenef, 11, 316]. In virtually all Ph-positive CMLs and 
approximately 50% of the Ph-positive ALLs, the leukemic cells express bcr- 
abl fusion mRNAs in which exon 2 (b2-a2 junction) or exon 3 (b3-a2 

35 junction) from the major breakpoint cluster region of the bcr gene is spliced 
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to exon 2 of the abl gene. Heisterkamp et a!., 1985 Nature 315, 758; 
Shtivelman et al., 1987, Blood 69, 971). In the remaining cases of Ph- 
positive ALL, the first exon of the bcr gene is spliced to exon 2 of the abl 
gene (Hooberman et al., 1989 Proc. Nat. Acad. Sri , USA 86, 4259; 
5 Heisterkamp et al., 1 988 Nucleic Acids Res. 1 6, 1 0069). 

The b3-a2 and b2-a2 fusion mRNAs encode 210 kd bcr-abl fusion 
proteins which exhibit oncogenic activity (Daley et al., 1990 Science 247, 
824; Heisterkamp et al., 1990 Nature 344, 251). The importance of the bcr- 
abl fusion protein (p210 bcr ~ abl ) in the evolution and maintenance of the 
10 leukemic phenotype in human disease has been demonstrated using 
antisense oligonucleotide inhibition of p2W bcr ~ abl expression. These 
inhibitory molecules have been shown to inhibit the in vitro proliferation of 
leukemic cells in bone marrow from CML patients. Szczylik et al., 1991 
Science 253, 562). 

15 Reddy, U.S. Patent 5,246,921 (hereby incorporated by reference 

herein) describes use of ribozymes as therapeutic agents for leukemias, 
such as chronic myelogenous leukemia (CML) by targeting the specific 
junction region of bcr-abl fusion transcripts. It indicates causing cleavage 
by a ribozyme at or near the breakpoint of such a hybrid chromosome, 

20 specifically it includes cleavage at the sequence GUX, where X is A, U or 
G. The one example presented is to cleave the sequence 5' AGC AG 
AGUU (cleavage site) CAA AAGCCCU-3'. 

Scanlon WO 91/18625, WO 91/18624, and WO 91/18913 and 
Snyder et at., WO93/03141 and W094/13793 describe a ribozyme effective 
25 to cleave oncogenic variants of H-ras RNA. This ribozyme is said to inhibit 
H-ras expression in response to external stimuli. 

The invention features use of ribozymes to inhibit the development or 
expression of a transformed phenotype in man and other animals by 
. modulating expression of a gene that contributes to the expression of CML. 
30 Cleavage of targeted mRNAs expressed in preneoplastic and transformed 
cells elicits inhibition of the transformed state. 

The invention can be used to treat cancer or preneoplastic 
conditions. Two preferred administration protocols can be used, either jn 
yiyfi administration to reduce the tumor burden, or §x vivo treatment to 
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eradicate transformed cells from tissues such as bone marrow prior to 
reimplantation. 

This invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of 
5 CML The mRNA targets are present in the 425 nucleotides surrounding 
the fusion sites of the bcr and abl sequences in the b2-a2 and b3-a2 
recombinant mRNAs. Other sequences in the 5' portion of the bcr mRNA or 
the 3 1 portion of the ab/mRNA may also be targeted for ribozyme cleavage. 
Cleavage at any of these sites in the fusion mRNA molecules will result in 
1 0 inhibition of translation of the fusion protein in treated cells. 

The invention provides a class of chemical cleaving agents which 
exhibit a high degree of specificity for the mRNA causative of CML Such 
enzymatic RNA molecules can be delivered exogenously or endogenously 
to afflicted cells. In the preferred hammerhead motif the small size (less 
1 5 than 40 nucleotides, preferably between 32 and 36 nucleotides in length) 
of the molecule allows the cost of treatment to be reduced. 

The smallest ribozyme delivered for any type of treatment reported to 
date (by Rossi et aL 1992 supra ) is an in vitro transcript having a length of 
142 nucleotides. Synthesis of ribozymes greater than 100 nucleotides in 

20 length is very difficult using automated methods, and the therapeutic cost of 
such molecules is prohibitive. Delivery of ribozymes by expression vectors 
is primarily feasible using only ex yjyo treatments. This limits the utility of 
this approach. In this invention, an alternative approach uses smaller 
ribozyme motifs and exogenous delivery. The simple structure of these 

25 molecules also increases the ability of the ribozyme to invade targeted 
regions of the mRNA structure. Thus, unlike the situation when the 
hammerhead structure is included within longer transcripts, there are no 
non-ribozyme flanking sequences to interfere with correct folding of the 
ribozyme structure, as well as complementary binding of the ribozyme to 

30 the mRNA target. 

The enzymatic RNA molecules of this invention can be used to treat 
human CML or precancerous conditions. Affected animals can be treated 
at the time of cancer detection or in a prophylactic manner. This timing of 
treatment will reduce the number of affected cells and disable cellular 
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replication. This is possible because the ribozymes are designed to 
disable those structures required for successful cellular proliferation. 

Ribozymes of this invention block to some extent p2lo* >cr * a * >/ 
expression and can be used to treat disease or diagnose such disease. 
5 Ribozymes will be delivered to cells in culture and to tissues in animal 
models of CML. Ribozyme cleavage of bcr/abl mRNA in these systems 
may prevent or alleviate disease symptoms or conditions. 

The sequence of human bcr/abl mRNA can be screened for 
accessible sites using a computer folding algorithm. Regions of the mRNA 
0 that did not form secondary folding structures and that contain potential 
hammerhead or hairpin ribozyme cleavage sites can be identified. These 
sites are shown in Tabie 29 (All sequences are 5' to 3' in the tables). The 
nucleotide base position is noted in the Tables as that site to be cleaved by 
the designated type of ribozyme. 

The sequences of the chemically synthesized ribozymes most useful 
in this study are shown in Table 30. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes listed in Table 30 (5'-GGCCGAAAGGCC-3') can 
be altered (substitution, deletion, and/or insertion) to contain any sequence 
provided, a minimum of two base-paired stem structure can form. The 
sequences listed in Tables 30 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the fables. 

By engineering ribozyme motifs we have designed several ribozymes 
directed against bcr-abl mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance as described 
above. These ribozymes cleave bcr-abl target sequences in vitro. 

The ribozymes are tested for function in vivo by exogenous delivery to 
cells expressing bcr-abl. Ribozymes are delivered by incorporation into 
liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA vectors. Expression of bcr-abl is monitored by 
ELISA, by indirect immunofluoresence, and/or by FACS analysis. Levels of 
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bcr-abl mRNA are assessed by Northern analysis, RNase protection, by 
primer extension analysis or by quantitative RT-PCR techniques. 
Ribozymes that block the induction of p2W bcr - abt ) protein and mRNA by 
more than 20% are identified. 

5 Example fr R$V 

This invention relates to the use of ribozymes as inhibitors of 
respiratory syncytial virus (RSV) production, and in particular, the inhibition 
of RSV replication. 

RSV is a member of the virus family paramyxoviridae and is classified 
10 under the genus Pneumovirus (for a review see Mcintosh and Chanock, 
1990 in Virology ed. B.N. Fields, pp. 1045, Raven Press Ltd. NY). The 
infectious virus particle is composed of a nucleocapsid enclosed within an 
envelope. The nucleocapsid is composed of a linear negative single- 
stranded non-segmented RNA associated with repeating subunits of 
15 capsid proteins to form a compact structure and thereby protect the RNA 
from nuclease degradation. The entire nucleocapsid is enclosed by the 
envelope. The size of the virus particle ranges from 150 -300 nm in 
diameter. The complete life cycle of RSV takes place in the cytoplasm of 
infected cells and the nucleocapsid never reaches the nuclear 
20 compartment (Hall, 1990 in Principles and Practice of Infectious Diseases 
ed. Mandell et al., Churchill Livingstone, NY). 

The RSV genome encodes ten viral proteins essential for viral 
production. RSV protein products include two structural glycoproteins (G 
and F) found in the envelope spikes, two matrix proteins [M and M2 (22K)] 

25 found in the inner membrane, three proteins localized in the nucleocapsid 
(N, P and L), one protein that is present on the surface of the infected cell 
(SH), and two nonstructural proteins [NS1 (1C) and NS2 (1B)] found only 
in the infected cell. The mRNAs for the 10 RSV proteins have similar 5' 
and 3' ends. UV-inactivation studies suggest that a single promoter is used 

30 with multiple transcription initiation sites (Barik et al., 1992 J. Virol. 66, 
6813). The order of transcription corresponding to the protein assignment 
on the genomic RNA is 1C. 1B, N, P, M, SH, G, F, 22K and L genes (Huang 
et al, 1985 Virus Res. 2, 157) and transcript abundance corresponds to 
the order of gene assignment (for example the 1C and 1B mRNAs are 

35 much more abundant than the L mRNA. Synthesis of viral message begins 
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immediately after RSV infection of cells and reaches a maximum at 14 
hours post-infection (Mcintosh and Chanock, supra). 

There are two antigenic subgroups of RSV, A and B, which can 
circulate simultaneously in the community in varying proportions in different 
5 years (Mcintosh and Chanock, supra). Subgroup A usually predominates. 
Within the two subgroups there are numerous strains. By the limited 
sequence analysis available it seems that homology at the nucleotide level 
is more complete within than between subgroups, although sequence 
divergence has been noted within subgroups as well. Antigenic 

1 0 determinates result primarily from both surface glycoproteins, F and G. For 
F, at least half of the neutralization epitopes have been stably maintained 
over a period of 30 years. For G however, A and B subgroups may be 
related antigenically by as little as a few percent. On the nucleotide level, 
however, the majority of the divergence in the coding region of G is found 

15 in the sequence for the extracellular domain (Johnson et al., 1987, Proc. 
Natl. Acad. Sci. USA 84, 5625). 

Respiratory Syncytial Virus (RSV) is the major cause of lower 
respiratory tract illness during infancy and childhood (Hall, supra) and as 
such is associated with an estimated 90,000 hospitalizations and 4500 

20 deaths in the United States alone (Update: respiratory syncytial virus 
activity - United States, 1993, Mmwr Morb Mortal Wkly Rep, 42, 971). 
Infection with RSV generally outranks all other microbial agents leading to 
both pneumonia and bronchitis. While primarily affecting children under 
two years of age, immunity is not complete and reinfection of older children 

25 and adults, especially hospital care givers (Mcintosh and Chanock, supra), 
is not uncommon. Immunocompromised patients are severely affected and 
RSV infection is a major complication for patients undergoing bone marrow 
transplantation . 

Uneventful RSV respiratory disease resembles a common cold and 
30 recovery is in 7 to 12 days. Initial symptoms (rhinorrhea, nasal congestion, 
slight fever, etc.) are followed in 1 to 3 days by lower respiratory tract signs 
of infection that include a cough and wheezing. In severe cases, these 
mild symptoms quickly progress to tachypnea, cyanosis, and listlessness 
and hospitalization is required. In infants with underlying cardiac or 
35. respiratory disease, the progression of symptoms is especially rapid and 
can lead to respiratory failure by the second or third day of illness. With 
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modem intensive care however, overall mortality is usually less than 5% of 
hospitalized patients (Mcintosh and Chanock, supra). 

At present, neither an efficient vaccine nor a specific antiviral agent is 
available. An immune response to the viral surface glycoproteins can 
5 provide resistance to RSV in a number of experimental animals, and a 
subunit vaccine has been shown to be effective for up to 6 months in 
children previously hospitalized with an RSV Infection (Tristam etaL, 1993, 
J. Infect. Dis. 167, 191). An attenuated bovine RSV vaccine has also been 
shown to be effective in calves for a similar length of time (Kubota ef a/., 
10 1992 J. Vet. Med. Sci. 54, 957). Previously however, a formalin-inactivated 
RSV vaccine was implicated in greater frequency of severe disease in 
subsequent natural infections with RSV (Connors ef a/., 1992 J. Virol. 66, 
7444). 

The current treatment for RSV infection requiring hospitalization is the 

1 5 use of aerosolized ribavirin, a guanosine analog [Antiviral Agents and Viral 
Diseases of Man, 3rd edition. 1990..(eds. GJ. Galasso, R.J. Whitley, and 
T.C. Merigan) Raven Press Ltd., NY.]. Ribavirin therapy is associated with 
a decrease in the severity of the symptoms, improved arterial oxygen and a 
decrease in the amount of viral shedding at the end of the treatment 

20 period. It is not certain, however, whether ribavirin therapy actually 
shortens the patients' hospital stay or diminishes the need for supportive 
therapies (Mcintosh and Chanock, supra). The benefits of ribavirin therapy 
are especially clear for high risk infants, those with the most serious 
symptoms or for patients with underlying bronchopulmonary or cardiac 

25 disease. Inhibition of the viral polymerase complex is supported as the 
main mechanism for inhibition of RSV by ribavirin, since viral but not 
cellular polypeptide synthesis is inhibited by ribavirin in RSV-infected cells 
(Antiviral Agents and Viral Diseases of Man, 3rd edition. 1990. (eds. G.J. 
Galasso, R.J. Whitley, and T.C. Merigan) Raven Press Ltd., NY]. Since 

30. ribavirin is at least partially effective against RSV infection when delivered 
by aerosolization, it can be assumed that the target cells are at or near the 
epithelial surface. In this regard, RSV antigen had not spread any deeper 
than the superficial layers of the respiratory epithelium in autopsy studies of 
fatal pneumonia (Mcintosh and Chanock, supra). 

35 Jennings et ai, WO 94/13688 indicates that targets for specific types 

of ribozymes include respiratory syncytical virus. 
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The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting production of respiratory syncytial 
virus (RSV). Such ribozymes can be used In a method for treatment of 
diseases caused by these related viruses in man and other animals. The 
5 invention also features cleavage of the genomic RNA and mRNA of these 
viruses by use of ribozymes. In particular, the ribozyme molecules 
described are targeted to the NS1 (1C), NS2 (1B) and N viral genes. 
These genes are known in the art (for a review see Mcintosh and Chanock, 
1990 supra). 

1 0 Ribozymes that cleave the specified sites in RSV mRNAs represent a 

novel therapeutic approach to respiratory disorders. Applicant indicates 
that ribozymes are able to inhibit the activity of RSV and that the catalytic 
activity of the ribozymes is required for their inhibitory effect. Those of 
ordinary skill in the art, will find that it is clear from the examples described 

1 5 that other ribozymes that cleave these sites in RSV mRNAs encoding 1C, 
1B and N proteins may be readily designed and are within the invention. 
Also, those of ordinary skill in the art, will find that it is clear from the 
examples described that ribozymes cleaving other mRNAs encoded by 
RSV (P, M, SH, G, F, 22K and L) and the genomic RNA may be readily 

20 designed and are within the invention. 

In preferred embodiments, the ribozymes have binding amis which 
are complementary to the sequences in Tables 31, 33, 35, 37 and 38. 
Examples of such ribozymes are shown in Tables 32, 34, 36-38. Examples 
of such ribozymes consist essentially of sequences defined in these 
25 Tables. By "consists essentially of is meant that the active ribozyme 
contains an enzymatic center equivalent to those in the examples, and 
binding arms able to bind mRNA such that cleavage at the target site 
occurs. Other sequences may be present which do not interfere with such 
cleavage. 

30 Ribozymes of this invention block to some extent RSV production and 

can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
respiratory disorders. Ribozyme cleavage of RSV encoded mRNAs or the 
genomic RNA in these systems may alleviate disease symptoms. 



WO 95/23225 



PCMB95/00156 



59 



While all ten RSV encoded proteins (1C, 1B, N, P, M, SH, 22K, F, G, 
and L) are essential for viral life cycle and are all potential targets' for 
ribozyme cleavage, certain proteins (mRNAs) are more favorable for 
ribozyme targeting than the others. For example RSV encoded proteins 1C, 
5 1B, SH and 22K are not found in other members of the family 
paramyxoviridae and appear to be unique to RSV. In contrast the 
ectodomain of the G protein and the signal sequence of the F protein show 
significant sequence divergence at the nucleotide level among various 
RSV sub-groups (Johnson et al., 1987 supra). RSV proteins 1C, 1B and N 
1 0 are highly conserved among various subtypes at both the nucleotide and 
amino acid levels. Also, 1C, 1B and N are the most abundant of all RSV 
proteins. 

The sequence of human RSV mRNAs encoding 1C, 1B and N 
proteins are screened for accessible sites using a computer folding 
15 algorithm. Hammerhead or hairpin ribozyme cleavage sites were 
identified. These sites are shown in Tables 31, 33, 34, 37 and 38 (All 
sequences are 5' to 3' in the tables.) The nucleotide base position is 
noted in the Tables as that site to be cleaved by the designated type of 
ribozyme. 

20 Ribozymes of the hammerhead or hairpin motif are designed to 

anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences described above. The 
ribozymes are chemically synthesized. The method of synthesis used 
follows the procedure for normal RNA synthesis as described in Usman et 
a/., 1987 J. Am. Chem. Soc, 109, 7845,7854 and in Scaringe et al 1990 
Nucleic Acids Res., 18, 5433-5441 and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end and 
phosphoramidites at the 3!-end. The average stepwise coupling yields 
were >98%. Inactive ribozymes were synthesized by substituting a U for 
30 G 5 and a U for A14 (numbering from Hertel et al., 1992 Nucleic Acids Res 
20, 3252), Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Hairpin ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 
35 Uhlenbeck, 1989, Methods Enzymol. 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
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groups, for example, 2'-amino, 2-C-allyl, 2'-flouro, 2'-o-methyl, 2'-H (for a 
review see Usman and Cedergren, 1992 TIBS 17, 34). Ribozymes are 
purified by gel electrophoresis using general methods or are purified by 
high pressure liquid chromatography and are resuspended in water. 

5 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 32, 34, 36, 37 and 38. Those in the art will 
recognize that these sequences are representative only of many more such 
sequences where the enzymatic portion of the ribozyme (all but the binding 
arms) is altered to affect activity. For example, stem-loop II sequence of 

10 hammerhead ribozymes listed in Tables 32 and 34(5'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion, and/or insertion) to contain any 
sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 37 and 38 (5'-CACGUUGUG-3') can be altered (substitution, 

1 5 deletion, and/or insertion) to contain any sequence, provided a minimum of 
two base-paired stem structure can form. The sequences listed in Tables 
32, 34, 36, 37 and 38 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 By engineering ribozyme motifs we have designed several ribozymes 

directed against RSV encoded mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave target sequences in vitro is evaluated. 

Numerous, common cell lines can be infected with RSV for 
25 experimental purposes. These include HeLa, Vero and several primary 
epithelial cell lines. A cotton rat animal model of experimental human RSV 
infection is also available, and the bovine RSV is quite homologous to the 
human viruses. Rapid clinical diagnosis is through the use of kits designed 
. for the immunofluorescence staining of RSV-infected cells or an ELISA 
30 assay, both of which are adaptable for experimental study. RSV encoded 
mRNA levels will be assessed by Northern analysis, RNAse protection, 
primer extension analysis or quantitative RT-PCR. Ribozymes that block 
the induction of RSV activity and/or 1C, 1B and N protein encoding 
mRNAs by more than 90% will be identified. 
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Optimizing Ribozyme Activity 

Ribozyme activity can be optimized as described by Draper et al., PCT 
W093/23569. The details will not be repeated here, but include altering 
the length of the ribozyme binding arms or chemically synthesizing 
5 ribozymes with modifications that prevent their degradation by serum 
ribonucleases (see e.g., Eckstein et a/., International Publication No. 
WO 92/07065; Perrault eta/., 1990 Nature 344. 565; Pieken et al., 1991 
Science 253, 314; Usman and Cedergren, 1992 Trends in Biochem. Sci. 
17, 334; Usman et al., International Publication No. WO 93/15187; and 

10 Rossi et al., International Publication No. WO 91/03162, as well as 
Jennings et aL, WO 94/13688, which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. All these publications are hereby incorporated by reference 
herein.), modifications which enhance their efficacy in ceils, and removal of 

15 stem II bases to shorten RNA synthesis times and reduce chemical 
requirements. 

Sullivan, et al., PCT WO94/02595, incorporated by reference herein, 
describes the general methods for delivery of enzymatic RNA molecules . 
Ribozymes may be administered to cells by a variety of methods known to 

20 those familiar to the art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by incorporation into other vehicles, such 
as hydrogels, cyclodextrins, biodegradable nanocapsules, and 
bioadhesive microspheres. The RNA/vehicle combination is locally 
delivered by direct injection or by use of a catheter, infusion pump or stent. 

25 Alternative routes of delivery include, but are not limited to, intravenous 
injection, intramuscular injection, subcutaneous injection, aerosol 
inhalation, oral (tablet or pill form), topical, systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of ribozyme delivery 
and administration are provided in Sullivan, et al., supra and Draper, et aL, 

30 supra which have been incorporated by reference herein. 

Another means of accumulating high concentrations of a ribozyme(s) 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven 
from a promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II 
35 (pol II), or RNA polymerase III (pol III). Transcripts from pol II or pol III 
promoters will be expressed at high levels in all cells; the levels of a given 
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pol II promoter in a given cell type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. 
Prokaryotic RNA polymerase promoters are also used, providing that the 
prokaryotic RNA polymerase enzyme is expressed in the appropriate cells 
5 (Elroy-Stein and Moss, 1990 Proc. Natl. Acad. Sri. II .9 /y R7 i r7ai.7- Q ao 
and Huang 1993 Nucleic Acids Res .. 21, 2867-72; Lieber et.al., 1993 
Methods EnzvmoL 217, 47-66; Zhou et al., 1990 Mol. Cell. Biol 10, 4529- 
37). Several investigators have demonstrated that ribozymes expressed 
from such promoters can function in mammalian cells (e.g. Kashani-Sabet 

10 et al., 1992 Antisense Res. Drv.. 2, 3-15; Ojwang et al., 1992 Proc. Natl. 
Acad, 3ci, USA, 89, 10802-6; Chen et al., 1992 Nucleic Acids Rrs , 20. 
4581-9; Yuetal.,1993 Proc. Natl. Acad. Sci. USA, on, ttidn-A- L'Huillier 
et al., 1992 EMBO J, 11, 4411-8; Lisziewicz et al., 1993 Proc. Natl. Acad 
Sci. U. S. A., 90, 8000-4). The above ribozyme transcription units can be 

1 5 incorporated into a variety of vectors for introduction into mammalian cells, 
including but not restricted to. plasm id DNA vectors, viral DNA vectors 
(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral, or alpha virus vectors). 

In a preferred embodiment of the invention, a transcription unit 
20 expressing a ribozyme that cleaves target RNA is inserted into a plasmid 
DNA vector, a retrovirus DNA viral vector, an adenovirus DNA viral vector 
or an adeno-associated virus Vector or alpha virus vector. These and other 
vectors have been used to transfer genes to live animals (for a review see 
Friedman, 1989 Science 244, 1275-1281; Roemer and Friedman, 1992 
25 Eyr. J, Bipchem. 208, 211-225) and leads to transient or stable gene 
expression. The vectors are delivered as recombinant viral particles. DNA 
may be delivered alone or complexed with vehicles (as described for RNA 
above). The DNA, DNA/vehicle complexes, or the recombinant virus 
particles are locally administered to the site of treatment, e.g., through the 
30 use of a catheter, stent or infusion pump. 

Diagnostic uses 

Ribozymes of this invention may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells. The close 
relationship between ribozyme activity and the structure of the target RNA 
35 allows the detection of mutations, in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA. By 
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using multiple ribozymes described in this invention, one may map 
nucleotide changes which are important to RNA structure and function in 
vitro, as well as in cells and tissues. Cleavage of target RNAs with 
ribozymes may be used to inhibit gene expression and define the role 
5 (essentially) of specified gene products in the progression of disease. In 
this manner, other genetic targets may be defined as important mediators 
of the disease. These experiments will lead to better treatment of the 
disease progression by affording the possibility of combinational therapies 
(e.g. . multiple ribozymes targeted to different genes, ribozymes coupled 

10 with known small molecule inhibitors, or intermittent treatment with 
combinations of ribozymes and/or other chemical or biological molecules). 
Other in vitro uses of ribozymes of this invention are well known in the art, 
and include detection of the presence of mRNA associated with ICAM-1 , 
relA, TNF-a, p210, bcr-abl or RSV related condition. Such RNA is detected 

1 5 by determining the presence of a cleavage product after treatment with a 
ribozyme using standard methodology. 

In a specific example, ribozymes which can cleave only wild-type or 
mutant forms of the target RNA are used for the assay. The first ribozyme is 
used to identify wild-type RNA present in the sample and the second 

20 ribozyme will be used to identify mutant RNA in the sample. As reaction 
controls, synthetic substrates of both wild-type and mutant RNA will be 
cleaved by both ribozymes to demonstrate the relative ribozyme 
efficiencies in the reactions and the absence of cleavage of the "non- 
targeted" RNA species. The cleavage products from the synthetic 

25 substrates will also serve to generate size markers for the analysis of wild- 
type and mutant RNAs in the sample population. Thus each analysis will 
require two ribozymes, two substrates and one unknown sample which will 
be combined into six reactions. The presence of cleavage products will be 
determined using an RNAse protection assay so that full-length and 

30 cleavage fragments of each RNA can be analyzed in one lane of a 
polyacrylamide gel. It is not absolutely required to quantify the results to 
gain insight into the expression of mutant RNAs and putative risk of the 
desired phenotypic changes in target cells. The expression of mRNA 
whose protein product is implicated in the development of the phenotype 

35 (i.e., ICAM-1, rel A, TNF~, P 210bcr-abl or RSV) is adequate to establish 
risk. If probes of comparable specific activity are used for both transcripts, 
then a qualitative comparison of RNA levels will be adequate and will 
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decrease the cost of the initial diagnosis. Higher mutant form to wild-type 
ratios will be correlated with higher risk whether RNA levels are compared 
qualitatively or quantitatively. 

II. Chemi cal Synthesis Of Ribozy mes 

5 There follows the chemical synthesis, deprotection, and purification of 

RNA, enzymatic RNA or modified RNA molecules in greater than milligram 
quantities with high biological activity. Applicant has determined that the 
synthesis of enzymatically active RNA in high yield and quantity is 
dependent upon certain critical steps used during its preparation. 

10 Specifically, it is important that the RNA phosphoramidites are coupled 
efficiently in terms of both yield and time, that correct exocyclic amino 
protecting groups be used, that the appropriate conditions for the removal 
of the exocyclic amino protecting groups and the alkylsilyl protecting 
groups on the 2'-hydroxyl are used, and that the correct work-up and 

1 5 purification procedure of the resulting ribozyme be used. 

To obtain a correct synthesis in terms of yield and biological activity of 
a large RNA molecule (i.e., about 30 to 40 nucleotide bases), the protection 
of the amino functions of the bases requires either amide or substituted 
amide protecting groups, which must be, on the one hand, stable enough 

20 to survive the conditions of synthesis, and on the other hand, removable at 
the end of the synthesis. These requirements are met by the amide 
protecting groups shown in Figure 8, in particular, benzoyl for adenosine, 
isobutyryl or benzoyl for cytidine, and isobutyryl for guanosine, which may 
be removed at the end of the synthesis by incubating the RNA in NH3/EtOH 

25 (ethanolic ammonia) for 20 h at 65 °C. in the case of the phenoxyacetyl 
type protecting groups shown in Figure 8 on guanosine and adenosine 
and acetyl protecting groups on cytidine, an incubation in ethanolic 
ammonia for 4 h at 65 °C is used to obtain complete removal of these 
protecting groups. Removal of the alkylsilyl 2 , -hydroxyl protecting groups 

30 - can be accomplished using a tetrahydrofuran solution of TBAF at room 
temperature for 8-24 h. 

The most quantitative procedure for recovering the fully deprotected 
RNA molecule is by either ethanol precipitation, or an anion exchange 
cartridge desalting, as described in Scaringe et al. Nucleic Acids Res 
35 1 990, 18. 5433-5341 . The purification of the long RNA sequences may be 



WO 95/23225 



PCT/IB95/00156 



65 

accomplished by a two-step chromatographic procedure in which the 
molecule is first purified on a reverse phase column with either the trityl 
group at the 5' position on or off. This purification is accomplished using an 
acetonitrile gradient with triethylammonium or bicarbonate salts as the 
5 aqueous phase. In the case of the trityl on purification, the trityl group may 
be removed by the addition of an acid and drying of the partially purified 
RNA molecule. The final purification is carried out on an anion exchange 
column, using alkali metal perchlorate salt gradients to elute the fully 
purified RNA molecule as the appropriate metal salts, e.g. Na+, Lr+ etc. A 
10 final de-salting step on a small reverse-phase cartridge completes the 
purification procedure. Applicant has found that such a procedure not only 
fails to adversely affect activity of a ribozyme, but may improve its activity to 
cleave target RNA molecules. 

Applicant has also determined that significant (se e Tables 39-41) 
15 improvements in the yield of desired full length product (FLP) can be 
obtained by: 

1. Using 5-S-alkyltetrazole at a delivered or effective 
concentration of 0.25-0.5 M or 0.15-0.35 M for the activation of the RNA (or 
analogue) amidite during the coupling step. (By delivered is meant that the 

20 actual amount of chemical in the reaction mix is known. This is possible for 
large scale synthesis since the reaction vessel is of size sufficient to allow 
such manipulations. The term effective means that available amount of 
chemical actually provided to the reaction mixture that is able to react with 
the other reagents present in the mixture. Those skilled in the art will 

25 recognize the meaning of these terms from the examples provided herein.) 
The time for this step is shortened from 10-15 m, vide supra, to 5-10 m. 
Alkyl, as used herein, refers to a saturated aliphatic hydrocarbon, including 
straight-chain, branched-chain, and cyclic alkyl groups. Preferably, the 
alkyl group has 1 to 12 carbons. More preferably it is a lower alkyl of from 1 

30 to 7 carbons, more preferably 1 to 4 carbons. The alkyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 or N(CH 3 ) 2 , amino, or SH. 
The term also includes alkenyl groups which are unsaturated hydrocarbon 
groups containing at least one carbon-carbon double bond, including 

35 straight-chain, branched-chain, and cyclic groups. Preferably, the alkenyl 
group has 1 to 12 carbons. More preferably it is a lower alkenyl of from 1 to 
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7 carbons, more preferably 1 to 4 carbons. The alkenyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxy!, cyano, alkoxy, =0, =S, N0 2 , halogen, N(CH 3 ) 2 , 
amino, or SH. The term "alkyl" also includes alkynyl groups which have an 
5 unsaturated hydrocarbon group containing at least one carbon-carbon 
triple bond, including straight-chain, branched-chain, and cyclic groups. 
Preferably, the alkynyl group has 1 to 12 carbons. More preferably it is a 
lower alkynyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The 
alkynyl group may be substituted or unsubstituted. When substituted the 
1 0 substituted group(s) Is preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 or 
N(CH 3 )2, amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 
aromatic group which has at least one ring having a conjugated n electron 

15 system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 
alkyl group (as described above) covalently joined to an aryl group (as 

20 described above. Carbocyclic aryl groups are groups wherein the ring 
atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 

25 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imldazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

30 2 - Usir »9 5-S-alkyltetrazole at an effective, or final, concentration 

of 0.1-0.35 M for the activation of the RNA (or analogue) amidite during the 
coupling step. The time for this step is shortened from 10-15 m, vide supra, 
to 5-10 m. 

3. Using alkylamine (MA, where alkyl Is preferably methyl, ethyl, 
35 propyl or butyl) or NH 4 OH/alkylamine (AMA, with the same preferred alkyl 
groups as noted for MA) @ 65 »C for 10-15 m to remove the exocyclic 
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amino protecting groups (vs 4-20 h @ 55-65 °C using NH 4 OH/EtOH or 
NH3/EtOH, vide supra). Other alkylamines, e.g. ethylamine, propylamine, 
butylamine etc. may also be used. 

4. Using anhydrous triethylamine«hydrogen fluoride (aHF»TEA) 
5 @ 65 °C for 0.5-1.5 h to remove the 2'-hydroxyl alkylsilyl protecting group 

(vs 8 - 24 h using TBAF, vide supra or TEA»3HF for 24 h (Gasparutto et al. 
Nucleic Acids Res. 1992, 20, 5159-5166). Other alkylamine«HF 
complexes may also be used, e.g. trimethylamine or diisopropylethylamine. 

5. The use of anion-exchange resins to purify and/or analyze the 
10 fully deprotected RNA. These resins include, but are not limited to, 

quartenary or tertiary amino derivatized stationary phases such as silica or 
polystyrene. Specific examples include Dionex-NAIOO® Mono-Q®, Poros- 
Q®. 

Thus, the invention features an improved method for the coupling of 
15 RNA phosphoramidites; for the removal of amide or substituted amide 
protecting groups; and for the removal of 2-hydroxyl alkylsilyl protecting 
groups. Such methods enhance the production of RNA or analogs of the 
type described above (e.g., with substituted 2'-groups), and allow efficient 
synthesis of large amounts of such RNA. Such RNA may also have 
20 enzymatic activity and be purified without loss of that activity. While specific 
examples are given herein, those in the art will recognize that equivalent 
chemical reactions can be performed with the alternative chemicals noted 
above, which can be optimized and selected by routine experimentation. 

In another aspect, the invention features an improved method for the 
25 purification or analysis of RNA or enzymatic RNA molecules (e.g. 28-70 
nucleotides in length) by passing said RNA or enzymatic RNA molecule 
over an HPLC, e.g., reverse phase and/or an anion exchange 
chromatography column. The method of purification improves the catalytic 
activity of enzymatic RNAs over the gel purification method (see Figure 10). 

30 Draper et al., PCT W093/23569, incorporated by reference herein, 

disclosed reverse phase HPLC purification. The purification of long RNA 
molecules may be accomplished using anion exchange chromatography, 
particularly in conjunction with alkali perchlorate salts. This system may be 
used to purify very long RNA molecules. In particular, it is advantageous to 
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use a Dionex NucleoPak 100® or a Pharmacia Mono Q® anion exchange 
column for the purification of RNA by the anion exchange method. This 
anion exchange purification may be used following a reverse-phase 
purification or prior to reverse phase purification. This method results in the 
5 formation of a sodium salt of the ribozyme during the chromatography. 
Replacement of the sodium alkali earth salt by other metal salts, e.g., 
lithium, magnesium or calcium perchlorate, yields the corresponding salt of 
the RNA molecule during the purification. 

In the case of the 2-step purification procedure, in which the first step 
10 is a reverse phase purification followed by an anion exchange step, the 
reverse phase purification is best accomplished using polymeric, e.g. 
polystyrene based, reverse-phase media, using either a 5-trityl-on or 5'- 
trityl-off method. Either molecule may be recovered using this reverse- 
phase method, and then, once detritylated, the two fractions may be pooled 
15 and then submitted to an anion exchange purification step as described 
above. 

The method includes passing the enzymatically active RNA 
molecule over a reverse phase HPLC column; the enzymatically active 
RNA molecule is produced in a synthetic chemical method and not by an 
20 enzymatic process; and the enzymatic RNA molecule is partially blocked, 
and the partially blocked enzymatically active RNA molecule is passed 
over a reverse phase HPLC column to separate it from other RNA 
molecules. 

In more preferred embodiments, the enzymatically active RNA 
25 molecule, after passage over the reverse phase HPLC column, is 
deprotected and passed over a second reverse phase HPLC column 
(which may be the same as the reverse phase HPLC column), to remove 
the enzymatic RNA molecule from other components. In addition, the 
column is a silica or organic polymer-based C4, C8 or C18 column having 
30 a porosity of at least 125 A, preferably 300 A, and a particle size of at least 
2 urn, preferably 5 \xm. 

Activation 

The synthesis of RNA molecules may be accomplished chemically or 
enzymatically. In the case of chemical synthesis the use of tetrazole as an 
35 activator of RNA phosphoramidites is known (Usman et al. J. Am. Chem. 
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Soc. 1987, 109, 7845-7854). In this, and subsequent reports, a 0.5 M 
solution of tetrazole is allowed to react with the RNA phosphoramidite and 
couple with the polymer bound 5'-hydroxyl group for 10 m. Applicant has 
determined that using 0.25-0.5 M solutions of 5-S-alkyltetrazoles for only 5 
5 min gives equivalent or better results. The following exemplifies the 
procedure. 

Example 7; Synthesis of RNA and Ribozvmes Using S-fi-A lkvltetramlPs 
as Activating Aaent 

The method of synthesis used follows the general procedure for RNA 
10 synthesis as described in Usman et al., 1987 supra and in Scaringe et al., 
Nucleic Acids Res. 1990, 18, 5433-5441 and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 
5'-end, and phosphoramidites at the 3'-end. The major difference used 
was the activating agent, 5-S-ethyl or -methyltetrazole @ 0.25 M 
15 concentration for 5 min. 

All small scale syntheses were conducted on a 394 (ABI) synthesizer 
using a modified 2.5 pmol scale protocol with a reduced 5 min coupling 
step for alkylsilyl protected RNA and 2.5 m coupling step for 2'-0- 
methylated RNA. A 6.5-fold excess (162.5 U.L of 0.1 M = 32.5 umol) of 

20 phosphoramidite and a 40-fold excess of S-ethyl tetrazole (400 uL of 0.25 
M = 100 umol) relative to polymer-bound 5'-hydroxyl was used in each 
coupling cycle. Average coupling yields on the 394, determined by 
colorimetric quantitation of the trityl fractions, was 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394: Detritylation solution was 

25 2% TCA in methylene chloride; capping was performed with 16% /^Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM l 2 , 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 

30 the solid obtained from Applied Biosystems. 

All large scale syntheses were conducted on a modified (eight amid'rte 
port capacity) 3902 (ABI) synthesizer using a 25 umol scale protocol with a 
5-15 min coupling step for alkylsilyl protected RNA and 7.5 m coupling step 
for 2"-Omethylated RNA. A six-fold excess (1.5 mL of 0.1 M = 150 umol) of 
35 phosphoramidite and a forty-five-fold excess of S-ethyl tetrazole (4.5 mL of 
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0.25 M = 1125 fimol) relative to polymer-bound 5'-hydroxyl was used in 
each coupling cycle. Average coupling yields on the 390Z, determined by 
colorimetric quantitation of the trityl fractions, was 95.0-96.7%. 
Oligonucleotide synthesis reagents for the 3902: Detritylation solution was 
5 2% DCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM l 2 , 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25-0.5 M in acetonitrile) was made up 
1 0 from the solid obtained from Applied Biosystems. 

Deprotection 

The first step of the deprotection of RNA molecules may be 
accomplished by removal of the exocyclic amino protecting groups with 
either NH 4 OH/EtOH:3/1 (Usman etal. J. Am. Chem. Soc. 1987, 109, 7845- 
15 7854) or NH3/EtOH (Scaringe et al. Nucleic Acids Res. 1990, 18, 5433- 
5341) for -20 h @ 55-65 °C. Applicant has determined that the use of 
methylamine or NfyOH/methylamine for 10-15 min @ 55-65 °C gives 
equivalent or better results. The following exemplifies the procedure. 

Example 8: RNA and Ribozy me Deprotection of Exonyclic Amino 
20 Protecting Groups Usino Methvlamine fMAl nr MH^ QH/Methvlamine /ama) 

The polymer-bound oligonucleotide, either trityl-on or off, was 
suspended in a solution of methylamine (MA) or NH 4 OH/methylamine 
(AMA) @ 55-65 °C for 5-15 min to remove the exocyclic amino protecting 
groups. The polymer-bound oligoribonucleotide was transferred from the 

25 synthesis column to a 4 mL glass screw top vial. NH4OH and aqueous 
methylamine were pre-mixed in equal volumes. 4 mL of the resulting 
reagent was added to the vial, equilibrated for 5 m at RT and then heated at 
55 or 65 °C for 5-15 min. After cooling to -20 °C, the supernatant was 
removed from the polymer support. The support was washed with 1.0 mL 

30 of EtOH:MeCN:H 2 0/3:1 :1 , vortexed and the supernatant was then added to 
the first supernatant. The combined supernatants, containing the 
oligoribonucleotide, were dried to a white powder. The same procedure 
was followed for the aqueous methylamine reagent. 

Table 40 is a summary of the results obtained using the improvements 
35 outlined in this application for base deprotection! 
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The second step of the deprotection of RNA molecules may be 
accomplished by removal of the 2-hydroxyl alkylsilyl protecting group 
using TBAF for 8-24 h (Usman et al. J. Am. Chem. Soc. 1987, 109, 7845- 
7854). Applicant has determined that the use of anhydrous TEA«HF in N- 
5 methylpyrrolidine (NMP) for 0.5-1 .5 h @ 55-65 °C gives equivalent or better 
results. The following exemplifies this procedure. 

Example 9: RNA and Ribozvme Deorotection o f 2'.Hvdroxyl Al^yteilyt 
. Protecting Groups Using Anhydrous TEA»HF 

To remove the alkylsilyl protecting groups, the ammonia-deprotected 
10 oligoribonucleotide was resuspended in 250 uL of 1.4 M anhydrous HF 
solution (1.5 mL A/-methylpyrrolidine, 750 uL TEA and 1.0 mL TEA-3HF) 
and heated to 65 °C for 1.5 h. 9 mL of 50 mM TEAB was added to quench 
the reaction. The resulting solution was loaded onto a Qiagen 500® anion 
exchange cartridge (Qiagen Inc.) prewashed with 10 mL of 50 mM TEAB. 
15 After washing the cartridge with 1 0 mL of 50 mM TEAB, the RNA was eliited 
with 1 0 mL of 2 M TEAB and dried down to a white powder. 

Table 41 is a summary of the results obtained using the improvements 
outlined in this application for alkylsilyl deprotection. 

Example 10: HP LC Purification. Anion Exchange column 

20 For a small scale synthesis, the crude material was diluted to 5 mL 

with diethylpyrocarbonate treated water. The sample was injected onto 
either a Pharmacia Mono Q® 16/10 or Dionex NucleoPac® column with 
1 00% buffer A (1 0 mM NaCI0 4 ). A gradient from 1 80-21 0 mM NaCI0 4 at a 
rate of 0.85 mM/void volume for a Pharmacia Mono Q® anion-exchange 

25 column or 100-150 mM NaCICv* at a rate of 1.7 mM/void volume for a 
Dionex NucleoPac® anion-exchange column was used to elute the RNA. 
Fractions were analyzed by a HP-1090 HPLC with a Dionex NucleoPac® 
column. Fractions containing full length product at >80% by peak area 
were pooled. 

30 For a trityl-off large scale synthesis, the crude material was desalted 

by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 
column. The column was thoroughly washed with 10 mM sodium 
perchlorate buffer. The oligonucleotide was eluted from the column with 
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300 mM sodium perchlorate. The eluent was quantitated and an analytical 

HPLC was run to determine the percent full length material in the synthesis. 

The eluent was diluted four fold in sterile H2O to lower the salt 

concentration and applied to a Pharmacia Mono Q® 16/10 column. A 

5 gradient from 10-185 mM sodium perchlorate was run over 4 column 

volumes to elute shorter sequences, the full length product was then eluted 

in a gradient from 185-214 mM sodium perchlorate in 30 column volumes. 

The fractions of interest were analyzed on a HP-1090 HPLC with a Dionex 

NucleoPac® column. Fractions containing over 85% full length material 

10 were pooled. The pool was applied to a Pharmacia RPC® column for 
desalting. 

For a trityl-on large scale synthesis, the crude material was desalted 
by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 

15 column. The column was thoroughly washed with 20 mM NH4CO3H/10% 
CH3CN buffer. The oligonucleotide was eluted from the column with 1.5 M 
NH4CO 3 H/10% acetonitrile. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material present in the 
synthesis. The oligonucleotide was then applied to a Pharmacia Resource 

20 RPC column. A gradient from 20-55% B (20 mM NH 4 C0 3 H/25% CH3CN, 
buffer A = 20 mM NH 4 CO 3 H/10% CH3CN) was run over 35 column 
volumes. The fractions of interest were analyzed on a HP-1090 HPLC with 
a Dionex NucleoPac® column. Fractions containing over 60% full length 
material were pooled. The pooled fractions were then submitted to manual 

25 detritylation with 80% acetic acid, dried down immediately, resuspended in 
sterile H2O, dried down and resuspended in H2O again. This material was 
analyzed on a HP 1090-HPLC with a Dionex NucleoPac® column. The 
material was purified by anion exchange chromatography as in the trityl-off 
scheme (vide supra), 

30 Example 1 1 Ribozvme Activity Assay 

Purified 5"-end labeled RNA substrates (15-25-mers) and purified 5'- 
end labeled ribozymes (-36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 jiM, 200 nM, 40 nM or 8 nM and. the final substrate RNA 
35 concentrations were - 1 nM. Total reaction volumes were 50 The 
assay buffer was 50 mM Tris-CI. p h 7.5 and 10 mM MgCI 2 . Reactions were 
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initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
\iL were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each aliquot 
was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
5 performed using a phosphorimager (Molecular Dynamics). 

Example 12: One pot deprotection of RNA 

Applicant has shown that aqueous methyl amine is an efficient 
reagent to deprotect bases in an RNA molecule. However, in a time 
consuming step (2-24 hrs), the RNA sample needs to be dried completely 

10 prior to the deprotection of the sugar 2*-hydroxyl groups. Additionally, 
deprotection of RNA synthesized on a large scale (e.g., 100 jimol) 
becomes challenging since the volume of solid support used is quite large. 
In an attempt to minimize the time required for deprotection and to simplify 
the process of deprotection of RNA synthesized on a large scale, applicant 

15 describes a one pot deprotection protocol (Fig. 12). According to this 
protocol, anhydrous methylamine is used in place of aqueous methyl 
amine. Base deprotection is carried out at 65 °C for 15 min and the 
reaction is allowed to cool for 10 min. Deprotection of 2'-hydroxyl groups is 
then carried out in the same container for 90 min in a TEA*3HF reagent. 

20 The reaction is quenched with 16 mM TEAB solution. 

Referring to Fia. 13. hammerhead ribozyme targeted to site B is 
synthesized using RNA phosphoramadite chemistry and deprotected using 
either a two pot or a one pot protocol. Profiles of these ribozymes on an 
HPLC column are compared. The figure shows that RNAs deprotected by 
25 either the one pot or the two pot protocols yield similar fulMength product 
profiles. Applicant has shown that using a one pot deprotection protocol, 
time required for RNA deprotection can be reduced considerably without 
compromising the quality or the yield of full length RNA. 

Referring to Fig. 14, hammerhead ribozymes targeted to site B (from 
30 Fig, 13) are tested for their ability to cleave RNA. As shown in the figure 14. 
ribozymes that are deprotected using one pot protocol have catalytic 
activity comparable to ribozymes that are deprotected using a two pot 
protocol. 
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Example 12a*. I mproved protocol for the synthesis of ohosphorothioate 
containing RNA and rib ozvmes using 5-S-Alkvltetrazoles as Activating 
Agent 

The two sulfurizing reagents that have been used to synthesize 
5 ribophosphorothioates are tetraethylthiuram disulfide (TETD; Vu and 
Hirschbein, 1991 Tetrahedron Letter 31, 3005), and 3H-1 ,2-benzodithiol-3- 
one 1,1-dioxlde (Beaucage reagent; Vu and Hirschbein, 1991 supra). 
TETD requires long sulfurization times (600 seconds for DNA and 3600 
seconds for RNA). It has recently been shown that for sulfurization of DNA 
10 oligonucleotides, Beaucage reagent is more efficient than TETD 
(Wyrzykiewicz and Ravikumar, 1994 Bioorganic Med. Chem. 4, 1519). 
Beaucage reagent has also been used to synthesize phosphorothioate 
oligonucleotides containing 2'-deoxy-2'-fluoro modifications wherein the 
wait time is 10 min (Kawasaki et al., 1992 J. Med. Chem). 

15 The method of synthesis used follows the procedure for RNA 
synthesis as described herein and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, and 
phosphoramidites at the 3*-end. The sulfurization step for RNA described 
in the literature is a 8 second delivery and 10 min wait steps (Beaucage 

20 and Iyer, 1991 Tetrahedron 49, 6123). These conditions produced about 
95% sulfurization as measured by HPLC analysis (Morvan et al., 1990 
Tetrahedron Letter 31, 7149). This 5% contaminating oxidation could arise 
from the presence of oxygen dissolved in solvents and/or slow release of 
traces of iodine adsorbed on the inner surface of delivery lines during 

25 previous synthesis. 

A major improvement is the use of an activating agent, 5-S- 
ethyltetrazole or 5-S-methyltetrazole at a concentration of 0.25 M for 5 min. 
Additionally, for those linkages which are phosporoth.oate, the iodine 
solution is replaced with a 0.05 M solution of 3H-1,2-benzodithiole-3-one 
30 1,1 -dioxide (Beaucage reagent) in acetonitrile. The delivery time for the 
sulfurization step is reduced to 5 seconds and the wait time is reduced to 
300 seconds. 

RNA synthesis is conducted on a 394 (ABI) synthesizer using a 
modrfied 2.5 fimol scale protocol with a reduced 5 min coupling step for 
35 alkylsilyl protected RNA and 2.5 min coupling step for 2'-0-methylated 
RNA. A 6.5-fold excess (162.5 uL of 0.1 M = 32.5 umol) of phosphoramidite 
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and a 40-fold excess of S-ethyl tetrazole (400 \il of 0.25 M = 100 pmol) 
relative to polymer-bound 5-hydroxyl was used in each coupling cycle. 
Average coupling yields on the 394 synthesizer, determined by colorimetric 
quantitation of the trityl fractions, was 97.5-99%. Other oligonucleotide 
5 synthesis reagents for the 394 synthesizer: detritylation solution was 2% 
TCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM l 2 , 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
1 0 bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 
the solid obtained from Applied Biosystems. Sulfurizing reagent was 
obtained from Glen Research. 

Average sulfurizatioh efficiency (ASE) is determined using the 
formula: ASE = (PS/Total) 1/ n_1 

1 5 where, PS = integrated 31 P NMR values of the P=S diester 

Total = integration value of all peaks 
n = length of oligo . . 

Referring to tables 42 and 43, effects of varying the delivery and the 
wait time for sulfurization with Beaucage's reagent is described. These 
20 data suggest that 5 second wait time and 300 second delivery time is the 
condition under which ASE is maximum. 

Using the above conditions a 36 mer hammerhead ribozyme is 
synthesized which is targeted to site C. The ribozyme is synthesized to 
contain phosphorothioate linkages at four positions towards the 5' end. 
25 RNA cleavage activity of this ribozyme is shown in Fig. 16 . Activity of the 
phosphorothioate ribozyme is comparable to the activity of a ribozyme 
lacking any phosphorothioate linkages. 

Example 13: Protocol for the synthesis of 2'-N-nht a limiHn T .,H Q o^» 
phosphoramidite 

30 The 2'-amino group of a 2'-deoxy-2'-amino nucleoside is normally 

protected with N-(9-flourenylmethoxycarbonyl) (Fmoc; Imazawa and 
Eckstein. 1979 suprai Pieken et al., 1991 Science 253, 314). This 
protecting group is not stable in CH 3 CN solution or even in dry form during 
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prolonged storage at -20 °C. These problems need to be overcome in 
order to achieve large scale synthesis of RNA. 

Applicant describes the use of alternative protecting groups for the 2'- 
amino group of ^-deoxy^'-amino nucleoside. Referring to Figure 17. 
5 phosphoramidite 17 was synthesized starting from 2 , -deoxy-2'- 
aminonucleoside (12) using transient protection with Markevich reagent 
(Markiewicz J. Chem. Res. 1979, S, 24). An intermediate 13 was obtained 
in 50% yield, however subsequent introduction of N-phtaloyl (Pht) group by 
Nefken's method (Nefkens, 1960 Nature 185, 306), desilylation (15), 
10 dimethoxytrytilation (16) and phosphitylation led to phosphoramidite 17. 
Since overall yield of this multi-step procedure was low (20%) applicant 
investigated some alternative approaches, concentrating on selective 
introduction of N-phtaloyl group without acylation of 5' and 3' hydroxyls. 

When 2'-deoxy-2'-amino-nucleoside was reacted with 1.05 
15 equivalents of Nefkens reagent in DMF overnight with subsequent 
treatment with Et3N (1 hour) only 10-15% of N and 5'(3>bis-phtaloyl 
derivatives were formed with the major component being N-Pht-derivative 
15. The N.O-bis by-products could be selectively and quantitively 
converted to N-Pht derivative 15 by treatment of crude reaction mixture 
20 with cat. KCN/MeOH. 

A convenient "one-pot" procedure for the synthesis of key 
intermediate 16 involves selective N-phthaloylation with subsequent 
dimethoxytrytilation by DMTCI/B3N and resulting in the preparation of DMT 
derivative 16 in 85% overall yield as follows. Standard phosphytilation of 

25 16 produced phosphoramidite 17 in 87% yield. One gram of 2 , -amino 
nucleoside, for example 2-amino uridine (US Biochemicals® part # 
77140) was co-evaporated twice from dry dimethyl formamide (Dmf) and 
dried in vacuo overnight. 50 mis of Aldrich sure-seal Dmf was added to the 
dry 2 , -amino uridine via syringe and the mixture was stirred for 10 minutes 

30 to produce a clear solution. 1.0 grams (1.05 eq.) of N- 
carbethoxyphthalimide (Nefken's reagent, 98% Jannsen Chimica) was 
added and the solution was stirred overnight. . Thin layer chromatography 
(TLC) showed 90% conversion to a faster moving products (10% ETOH in 
CHCI3) and 57 *il of TEA (0.1 eq.) was added to effect closure of the 

35 phthalimide ring. After 1 hour an additional 855 \i\ (1.5 eq.) of TEA was 
added followed by the addition of 1.53 grams (1.1 eq.) of DMT-CI 
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(Lancaster Synthesis®, 98%). The reaction mixture was left to stir 
overnight and quenched with ETOH after TLC showed greater than 90% 
desired product. Dmf was removed under vacuum and the mixture was 
washed with sodium bicarbonate solution (5% aq., 500 mis) and extracted 
5 with ethyl acetate (2x 200 mis). A 25mm x 300mm flash column (75 grams 
Merck flash silica) was used for purification. Compound eluted at 80 to 
85% ethyl acetate in hexanes (yield: 80% purity: >95% by 1 HNMR). 
Phosphoramidites were then prepared using standard protocols described, 
above. 

10 With phosphoramidite 17 in hand applicant synthesized several 

ribozymes with 2 , -deoxy-2 , -amino modifications. Analysis of the synthesis 
demonstrated coupling efficiency in 97-98% range. RNA cleavage activity 
of ribozymes containing 2'-deoxy-2'-amino-U modifications at U4 and/or 
U7 positions (see Figure 1), wherein the 2'-amino positions were either 

15 protected with Fmoc or Pht f was identical. Additionally, complete 
deprotection of 2*-deoxy-2 , -amino-Uridine was confirmed by base- 
composition analysis. The coupling efficiency of phosphoramidite 17 was 
not effected over prolonged storage (1-2 months) at low temperatures. 

Protecting 2' Position with a SEM Group 

20 There follows a method using the 2'-(trimethylsilyl)ethoxymethyl 

protecting group (SEM) in the synthesis of oligoribonucleotides. and in 
particular those enzymatic molecules described above. For the synthesis 
of RNA it is important that the 2 , -hydroxyl protecting group be stable 
throughout the various steps of the synthesis and base deprotection. At the 

25 same time, this group should also be readily removed when desired. To 
that end the f-butyldimethylsilyl group has been efficacious (Usman.N.; 
Ogilvie,K.K.; Jiang.M.-Y.; Cedergren.RJ. J. Am. Chem. Soc. 1987, 109 t 
7845-7854 and Scaringe,S.A.; Franklyn.C.; Usman.N. Nucl. Acids Res. 
1990, 18 % 5433-5441). However, long exposure times to tetra-n- 

30 butyiammonium fluoride (TBAF) are generally required to fully remove this 
protecting group from the 2 , -hydroxyl. In addition, the bulky alkyl 
substituents can prove to be a hindrance to coupling thereby necessitating 
longer coupling times. Finally, it has been shown that the TBDMS group is 
base labile and is partially deprotected during treatment with ethanolic 

35 ammonia (Scaringe.SA; Franklyn.C; Usman.N. Nucl. Acids Res. 1990, 
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18, 5433-5441 and Stawinski.J.; Stromberg.R.; Thelin.M.; Westman.E. 
Nucleic Acids Res. 1988, 16, 9285-9298). 

The (trimethylsilyl)ethoxymethyl ether (SEM) seems a suitable 
substitute. This protecting group is stable to base and all but the harshest 
5 acidic conditions. Therefore it is stable under the conditions required for 
oligonucleotide synthesis. It can be readily introduced and the oxygen 
. carbon bond makes it unable to migrate. Finally, the SEM group can be 
removed with BF3»OEt2 very quickly. 

There follows a method for synthesis of RNA by protecting the 2'- 
10 position of a nucleotide during RNA synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. The method can involve use of 
standard RNA synthesis conditions as discussed below, or any other 
equivalent steps. Those in the art are familiar with such steps. The 
nucleotide used can be any normal nucleotide or may be substituted in 
1 5 various positions by methods well known in the art, e.g., as described by 
Eckstein et at., International Publication No. WO 92/07065, Perrault et ai, 
Nature 1990, 344, 565-568, Pieken et a/., Science 1991,253, 314-317, 
Usman.N.; Cedergren.R.J. Trends in Biochem. Sci. 1992, 17, 334-339, 
Usman et al., PCT W093/15187, and Sproat.B. European Patent 
20 Application 92110298.4. 

This invention also features a method for covalently linking a SEM 
group to the 2'-position of a nucleotide. The method involves contacting a 
nucleoside with an SEM-containing molecule under SEM bonding 
conditions. In a preferred embodiment, the conditions are dibutyltin oxide, 
25 tetrabutylammonium fluoride and SEM-CI. Those in the art, however, will 
recognize that other equivalent conditions can also be used. 

In another aspect, the invention features a method for removal of an 
SEM group from a nucleoside molecule or an oligonucleotide. The method 
involves contacting the molecule or oligonucleotide with boron trifluoride 
30 etherate (BF 3 «OEt 2 ) under SEM removing conditions, e.g., in acetonitrile. 

Referring to Figure 18, there is shown the method for solid phase 
synthesis of RNA. A 2',5'-protected nucleotide is contacted with a solid 
phase bound nucleotide under RNA synthesis conditions to form a 
dinucleotide. The protecting group (R) at the 2*-position in prior art 
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methods can be a silyl ether, as shown in the Figure. In the method of the 
present invention, an SEM group is used in place of the silyl ether. 
Otherwise RNA synthesis can be performed by standard methodology. 

Referring to Figure 19 . there is shown the synthesis of 2'-0-SEM 
5 protected nucleosides and phosphoramadites. Briefly, a 5-protected 
nucleoside (1) is protected at the 2- or ^-position by contacting with a 
derivative of SEM under appropriate conditions. Specifically, those 
conditions include contacting the nucleoside with dibutyltin oxide and SEM 
chloride. The 2 regioisomers are separated by chromatography and the 2'- 
10 protected moiety is converted into a phosphoramidite by standard 
procedure. The 3'-protected nucleoside is converted into a succinate 
derivative suitable for derivatization of a solid support. 

Referring to Figure 20, a prior art method for deprotection of RNA using silyl 
ethers is shown. This contrasts with the method shown in Figure 21 in 

1 5 which deprotection of RNA containing an SEM group is performed. In step 
1 , the base protecting groups and cyanoethyl groups are removed by 
standard procedure. The SEM group is then removed as shown in the 
Figure. The details of the synthesis of phosphoramidites and SEM 
protected nucleosides and their use in synthesis of oligonucleotides and 

20 subsequent deprotection of 

E xample 14: Synthesis of 2 , -0-fftrimethvlsilvnethoyymethvh-5 , -nL m 
methoxvtritvl Uridine (2^ 

Referring to Eigure 19, ^-O-dimethoxytrityl uridine 1 (1.0 g, 1.83 
mmol) in CH 3 CN (18 mL) was added dibutyltin oxide (1.0 g, 4.03 mmol) 

25 and TBAF (1 M, 2.38 mL, 2.38 mmol). The mixture was stirred for 2 h at RT 
(about 20-25°C) at which time (trimethylsilyl)ethoxymethyl chloride (SEM- 
Cl) (487 nL, 2.75 mmol) was added. The reaction mixture was stirred 
overnight and then filtered and evaporated. Flash chromatography (30% 
hexanes in ethyl acetate) yielded 347 mg (28.0%) of 2'-hydroxyl protected 

30 nucleoside 2 and 314 mg (25.3%) of 3'-hydroxyl protected nucleoside 3. 

Example 15: Synthesis of 2 , -Q-mrimethvlsilyhPt hoxvmethyl) \\nr\\ n a (a) 

Nucleoside 2 was detritylated following standard methods, as shown 
in Figure 19. 

A 
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Example 16: Synthesis of 2'-0(rtrimethvlsilvl )ethoxvmRthyl)-5'.3'-OLArfityl 
Uridine (5) 

Nucleoside 4 was acetylated following standard methods, as shown 
in Figure 19 . 

5 Example 17: Synthesis of 5'.3'-Q-Acetvl Uridine 

Referring to Figure 19. the fully protected uridine 5 (32 mg, 0.07 
mmol) was dissolved in CH 3 CN (700 u.L) and BF 3 »OEt 2 (17.5 ul, 0.14 
mmol) was added. The reaction was stirred 15 m and MeOH was added to 
quench the reaction. Flash chromatography (5% MeOH in CH 2 CI 2 ) gave 
10 20 mg (88%) of SEM deprotected nucleoside 6. 

Example 18: Synthesis of 2'-0-mrim QthvlsilvnethoY V methvlU'V.n. 
$uccinyl-5'-Q- Dimethoxvtritvl Uridine (?) 

Nucleoside 3 was succinylated and coupled to the support following 
standard procedures, as shown in Figure 19. 

15 Example 19: Synthesis of y-O-mrimethyl silvnethnwmftthvn-S'-O. Hi. 
methoxvtritvl Uridine 3'-f2-Cvannet hvl /v\A/-rtiisnpro DV | P hosp hnr a miHH 0 ) 

m 

Nucleoside 3 was phosphitylated following standard methods, as 
shown in Figure 19 . 

20 Example 2 0; Synthesis of RNA Using P'-O-SFM Protentinn 

Referring to Fjqure 18, the method of synthesis used follows the 
general procedure for RNA synthesis as described in Usman.N.; 
Ogilvie,K.K.; Jiang,M.-Y.; Cedergren.RJ. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and in Scaringe.S^.; Franklyn.C; Usman.N. NucL Acids Res. 

25 1990, 18, 5433-5441. The phosphoramidite 8 was coupled following 
standard RNA methods to provide a 10-mer of uridylic acid. Syntheses 
were conducted on a 394 (ABI) synthesizer using a modified 2.5 ujtioI 
scale protocol with a 10 m coupling step. A thirteen-fold excess (325 jiL of 
0.1 M = 32.5 u.mol) of phosphoramidite and a 80-fold excess of tetrazole 

30 (400 nL of 0.5 M = 200 umol) relative to polymer-bound 5'-hydroxyl was 
used in each coupling cycle. Average coupling yields on the 394, 
determined by colorimetric quantitation of the trityl fractions, were 98-99%! 
Other oligonucleotide synthesis reagents for the 394: Detritylation solution 
was 2% TCA in methylene chloride; capping was performed with 16% N- 
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Methyl imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in 
THF;. oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. 

5 Referring to Figure 21 . the homopolymer was base deprotected with 

NH3/EtOH at 65 °C. The solution was decanted and the support was 
washed twice with a solution of 1:1:1 H20:CH3CN:MeOH. The combined 
solutions were dried down and then diluted with CH3CN (1 mL). BF3*OEt2 
(2.5 jiL, 30 nmol) was added to the solution and aliquots were removed at 
10 ten time points. The results indicate that after 30 min deprotection is 
complete, as shown in Figure 22. 

HI, Vectors Expressing Ribozymes 

There follows a method for expression of a ribozyme in a bacterial or 
eucaryotic cell, and for production of large amounts of such a ribozyme. In 

1 5 general, the invention features a method for preparing multi-copy cassettes 
encoding a defined ribozyme structure for production of a ribozyme at a 
decreased cost. A vector is produced which encodes a plurality of 
ribozymes which are cleaved at their 3* and 5' ends from an RNA transcript 
producted from the vector by only one other ribozyme. The system is useful 

20 for scaling up production of a ribozyme, which may be either modified or 
unmodified, in situ or in vitro. Such vector systems can be used to express 
a desired ribozyme in a specific cell, or can be used in an in vitro system to 
allow productiuon of large amounts of a desired riboqyne, The vectors of 
this invention allow a higher yield synthesis of a ribozyme in the form of an 

25 RNA transcript which is cleaved in situ or in vitro before or after transcript 
isolation. 

Thus, this invention is distinct from the prior art in that a single 
ribozyme is used to process the 3* and 5' ends of each therapeutic, trans- 
acting or desired ribozyme instead of processing only one end, or only one 
30 ribozyme. This allows smaller vectors to be derived with multiple trans- 
acting ribozymes released by only one other ribozyme from the mRNA 
transcript. Applicant has also provided methods by which the activity of 
such ribozymes is increased compared to those in the art, by designing 
ribozyme-encoding vectors and the corresponding transcript such that 
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folding of the mRNA does not interfere with processing by the releasing 
ribozyme. 

The stability of the ribozyme produced in this method can be 
enhanced by provision of sequences at the termini of the ribozymes as 
5. described by Draper et at., PCT WO 93/23509, hereby incorporated by 
reference herein. 

The method of this invention is advantageous since it provides high 
yield synthesis of ribozymes by use of low cost transcription-based 
protocols, compared to existing chemical ribozyme synthesis, and can use 
10 isolation techniques currently used to purify chemically synthesized 
oligonucleotides. Thus, the method allows synthesis of ribozymes in high 
yield at low cost for analytical, diagnostic, or therapeutic applications. 

The method is also useful for synthesis of ribozymes in vitro for 
ribozyme structural studies, enzymatic studies, target RNA accessibility 
15 studies, transcription inhibition studies and nuclease protection studies, 
much is described by Draper et al., PCT WO 93/23509 hereby incorporated 
by reference herein. 

The method can also be used to produce ribozymes in situ either to 
increase the intracellular concentration of a desired therapeutic ribozyme, 
20 or to produce a concatameric transcript for subsequent in vitro isolation of 
unit length ribozyme. The desired ribozyme can be used to inhibit gene 
expression in molecular genetic analyses or in infectious cell systems, and 
to test the efficacy of a therapeutic molecule or treat afflicted cells. 

Thus, in general, the invention features a vector which includes a 
25 bacterial, viral or eucaryotic promoter within a plasmid, cosmid, phagmid, 
virus, viroid, virusoid or phage vector. Other vectors are equally suitable 
and include double-stranded, or partially double-stranded DNA, formed by 
an amplification method such as the polymerase chain reaction, or double- 
stranded, partially double-stranded or single-stranded RNA, formed by site- 
30 directed homologous recombination into viral or viroid RNA genomes. 
Such vectors need not be circular. Transcriptionally linked to the promoter 
region is a first ribozyme-encoding region, and nucleotide sequences 
encoding a ribozyme cleavage sequence which is placed on either side of 
a region encoding a therapeutic or otherwise desired second ribozyme. 
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Suitable restriction endonuclease sites can be provided to ease 
construction of this vector in DNA vectors or in requisite DNA vectors of an 
RNA expression system. The desired second ribozyme may be any 
desired type of ribozyme, such as a hammerhead, hairpin , hepatitis delta 
5 virus (HDV) or other catalytic center, and can include group I and group II 
introns, as discussed above. The first ribozyme is chosen to cleave the 
encoded cleavage sequence, and may also be any desired ribozyme, for 
example, a Tetrahymena derived ribozyme, which may, for example, 
include an imbedded restriction endonuclease site in the center of a self- 
1 0 recognition sequence to aid in vector construction. This endonuclease site 
is useful for construction of the vector, and subsequent analysis of the 
vector. 

When the promoter of such a vector is activated an RNA transcript is 
produced which includes the first and second ribozyme sequences. The 
1 5 first ribozyme sequence is able to act, under appropriate conditions, to 
cause cleavage at the cleavage sites to release the second ribozyme 
sequences. These second ribozyme sequences can then act at their target 
RNA sites, or can be isolated for later use or analysis. 

Thus, in one aspect the invention features a vector which includes a 
20 first nucleic acid sequence (encoding a first ribozyme having 
intramolecular cleaving activity), and a second nucleic acid sequence 
(encoding a second ribozyme having intermolecular cleaving enzymatic 
activity) flanked by nucleic acid sequences encoding RNA which is cleaved 
by the first ribozyme to release the second ribozyme from the RNA 
25 transcript encoded by the vector. The second ribozyme may be flanked by 
the first ribozyme either on the 5 1 side or 3' side. If desired, the first 
ribozyme may be encoded on a separate vector and may have 
intermolecular cleaving activity. 

As discussed above, the first ribozyme can be chosen to be any self- 
30 cleaving ribozyme, and the second ribozyme may be chosen to be any 
desired ribozyme. The flanking sequences are chosen to include 
sequences recognized by the first ribozyme. When the vector is caused to 
express RNA from these nucleic acid sequences, that RNA has the ability 
under appropriate conditions to cleave each of the flanking regions and 
35 thereby release one or more copies of the second ribozyme. If desired, 
several different second ribozymes can be produced by the same vector, or 
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several different vectors can be placed in the same vessel or cell to 
produce different ribozymes. 

In preferred embodiments, the vector includes a plurality of the nucleic 
acid sequences encoding the second ribozyme, each flanked by nucleic 
5 acid sequences recognized by the first ribozyme. Most preferably, such a 
plurality includes at least six to nine or even between 60- 100 nucleic acid 
sequences. In other preferred embodiments, the vector includes a 
promoter which regulates expression of the nucleic acid encoding the 
ribozymes from the vector; and the vector is chosen from a plasmld, 

10 cosmid, phagmid, virus, viroid or phage. In a most preferred embodiment, 
the plurality of nucleic acid sequences are identical and are arranged in 
sequential order such that each has an identical end nearest to the 
promoter. If desired, a poly(A) sequence adjacent to the sequence 
encoding the first or second ribozyme may be provided to increase stability 

15 of the RNA produced by the vector; and a restriction endonuclease site 
adjacent to the nucleic acid encoding the first ribozyme is provided to allow 
insertion of nucleic acid encoding the second ribozyme during construction 
of the vector. 

In a second aspect, the invention features a method for formation of a 
20 ribozyme expression vector by providing a vector including nucleic acid 
encoding a first ribozyme, as discussed above, and providing a single- 
stranded DNA encoding a second ribozyme, as discussed above. The 
single-stranded DNA is then allowed to anneal to form a partial duplex 
DNA which can be filled in by a treatment with an appropriate enzyme, 
25 such as a DNA polymerase in the presence of dNTPs, to form a duplex 
DNA which can then be iigated to the vector. Large vectors resulting from 
this method can then be selected to insure that a high copy number of the 
single-stranded DNA encoding the second ribozyme is incorporated into 
the vector. 

30 In a further aspect, the invention features a method for production of 

ribozymes by providing a vector as described above, expressing RNA from 
that vector, and allowing cleavage by the first ribozyme to release the 
second ribozyme. 

In preferred embodiments, three different ribozyme motifs are used as 
35 cis-cleaving ribozymes. The hammerhead, hairpin, and hepatitis delta 
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virus (HDV) ribozyrne motifs consist of small, well-defined sequences that 
rapidly self-cleave in vitro (Symons, 1992 Annu. Rev. Biochem 61, 641). 
While structural and functional differences exist among the three ribozyrne 
motifs, they self-process efficiently in vivo. All three ribozyrne motifs self- 
5 process to 87-95% completion in the absence of 3' flanking sequences. In 
vitro, the self-processing constructs described in this invention are 
significantly more active than those reported by Taira et al., 1990 supra : 
and Altschuler et al., 1992 Qene 122, 85. The present invention enables 
the use of cis-cleaving ribozymes to efficiently truncate RNA molecules at 
10 specific sites in vivo by ensuring lack of secondary structure which 
prevents processing. 

Isolation of Therapeutic Ribozyrne 

The preferred method of isolating therapeutic ribozyrne is by a 
chromatographic technique. The HPLC purification methods and reverse 

15 HPLC purification methods described by Draper et al., PCT WO 93/23509 
hereby incorporated by reference herein, can be used. Alternatively, the 
attachment of complementary oligonucleotides to cellulose or other 
chromatography columns allows isolation of the therapeutic second 
ribozyrne, for example, by hybridization to the region between the flanking 

20 arms and the enzymatic RNA. This hybridization will select against the 
short flanking sequences without the desired enzymatic RNA, and against 
the releasing first ribozyrne. The hybridization can be accomplished in the 
presence of a chaotropic agent to prevent nuclease degradation. The 
oligonucleotides on the matrix can be modified to minimize nuclease 

25 activity, for example, by provision of 2:-0-methyl RNA oligonucleotides. 
Such modifications of the oligonucleotide attached to the column matrix will 
allow the multiple use of the column with minimal oligo degradation. Many 
such modifications are known in the art, but a chemically stable non- 
reducible modification is preferred. For example, phosphorothioate 

30 modifications can also be used. 

The expressed ribozyrne RNA can be isolated from bacterial or 
eucaryotic cells by routine procedures such as . lysis followed by guanidine 
isothiocyanate isolation. 



The current known self-cleaving site of Tetrahymena can be used in 
alternative vector of this invention. If desired, the full-length 
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Tetrahymena sequence may be used, or a shorter sequence may be used. 
It is preferred that, in order to decrease the superfluous sequences in the 
self-cleaving site at the 5' cleavage end, the hairpin normally present in the 
Tetrahymena ribozyme should contain the therapeutic second ribozyme 3' 
5 sequence and its complement. That is, the first releasing ribozyme- 
encoding DNA is provided in two portions, separated by DNA encoding the 
desired second ribozyme. For example, if the therapeutic second ribozyme 
recognition sequence is CGGACGA/CGAGGA, then CGAGGA is provided 
in the self-cleaving site loop such that it is in a stem structure recognized by 
1 0 the Tetrahymena ribozyme. The loop of the stem may include a restriction 
endonuclease site into which the desired second ribozyme-encoding DNA 
is placed. 

If desired, the vector may be used in a therapeutic protocol by use of 
the systems described by Lechner, PCT WO 92/13070, hereby 

15 incorporated by reference herein, to allow a timed expression of the 
therapeutic second ribozyme, as well as an appropriate shut off of cell or 
gene function. Thus, the vector will include a promoter which appropriately 
expresses enzymatically active RNA only in the presence of an RNA or 
another molecule which indicates the presence of an undesired organism 

20 or state. Such enzymatically active RNA will then kill or harm the cell in 
which it exists, as described by Lechner, id., or act to cause reduced 
expression of a desired protein product. 

A number of suitable RNA vectors may also be used in this invention. 
The vectors include plant viroids, plant viruses which contain single or 
25 double-stranded RNA genomes and animal viruses which contain RNA 
genomes, such as the picornaviruses, myxoviruses, paramyxoviruses, 
hepatitis A virus, reovirus and retroviruses. In many instances cited, use of 
these viral vectors also results in tissue specific delivery of the ribozymes. 

Example 21: Design of self-p rocessina gajsgj teg 

30 In a preferred embodiment, applicant compared the in vitro and in 
vivo cis-cleaving activity of three different ribozyme motifs-the 
hammerhead, the hairpin arid the hepatitis delta virus ribozyme-in order to 
assess their potential to process the ends of transcripts in vivo. To make a 
direct comparison among the three, however, it is important to design the 

35 ribozyme-containing transcripts to be as similar as possible. To this end, 
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all the ribozyme cassettes contained the same trans-acting hammerhead 
ribozyme followed immediately by one of the three cis-acting ribozymes 
(Figure 23-2$). For simplicity, applicant refers to each cassette by an 
abbreviation that indicates the downstream cis-cleaving ribozyme only. 
5 Thus HH refers to the cis-cleaving cassette containing a hammerhead 
ribozyme, while HP and HDV refer to the cassettes containing hairpin and 
hepatitis delta virus cis-cleaving ribozymes, respectively. The general 
design of the ribozyme cassettes, as well as specific differences among the 
cassettes, are outlined below. 

1 0 A sequence predicted to form a stable stem-loop structure is included 
at the 5' end of all the transcripts. The hairpin stem contains the T7 RNA 
polymerase initiation sequence (Milligan & Uhlenbeck, 1989 Methods 
Enzymol. 180, 51) and its complement, separated be a stable tetra-loop 
(Antao et al., 1991 Nucleic Acids Res. 19, 5901). By incorporating the T7 

15 initiation sequence into a stem-loop structure, applicant hoped to avoid 
nonproductive base pairing interactions with either the trans-acting 
ribozyme or with the cis-acting ribozyme. The presence of a hairpin at the 
end of a transcript may also contribute to the stability of the transcript In 
vivo. These are non-limiting examples. Those in the art will recognize that 

20 other embodiments can be readily generated using a variety of promoters, 
initiator sequences and stem-loop structure combinations generally known 
in the art. 

The trans-acting ribozyme used in this study is targeted to a site B 
(5'- CUGGAGUfiJ-GACCUUC-3'). The 5' binding arm of the ribozyme, 5'- 

25 GAAGGUC-3', and the core . of the ribozyme, 5'- 
CUGAUGAGGCCGAAAGGCCGAA-3', remain constant in all cases. In 
addition, all transcripts also contain a single nucleotide between the 5' 
stem-loop and the first nucleotide of the ribozyme. The linker nucleotide 
was required to obtain the same activity in vitro that was measured with an 

30 identical ribozyme lacking the 5' hairpin. Because the three cis-cleaving 
ribozymes have different requirements at the site of cleavage, slight 
differences were unavoidable at the 3* end of the processed transcript. The 
junction between the trans- and cis-acting ribozyme is, however, designed 
so that there is minimal extraneous sequence left at the 3' end of the trans- 

35 cleaving ribozyme once cis-cleavage occurs. The only differences 
between the constructs lie in the 3' binding arm of the ribozyme, where 
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either 6 or 7 nucleotides, 5'-ACUCCA(+/-G)-3\ complementary to the target 
sequence are present and where, after processing, two to five extra 
nucleotides remain. 

The cis-cleaving hammerhead ribozyme used in the HH cassette is 
5 based on the design of Grosshans and Cech, 1991 supra . As shown in 
Figure 23, the 3' binding arm of the trans-acting ribozyme is included in the 
required base-pairing interactions.of the cis-cleaving ribozyme to form stem 
. I. Two extra nucleotides, UC, were included at the end of the 3' binding 
arm to form the self-processing hammerhead ribozyme site (Ruffner et al., 
10 1990 supra) which remain on the 3* end of the trans-acting ribozyme 
following self-processing. 

The hairpin ribozyme portion of the HP self-processing construct is 
based on the minimal wild-type sequence (Hampel & Tritz, 1989 supra). A 
tetra-loop at the end of helix 1 (3' side of the cleavage site) serves to link 

1 5 the two portions and thus allows a minimal five nucleotides to remain at the 
end of the released trans-acting ribozyme following self-processing. Two 
variants of HP were designed: HP(GU) and HP(GC). The HP(GU) was 
constructed with a GU wobble base pair in helix 2 (A52G substitution; 
Figure 24). This slight destabiiization of helix 2 was intended to improve 

20 self-processing activity by promoting product release and preventing the 
reverse reaction (Berzal-Herranz et al., 1992 Genes & Dev. 6, 129; 
Chowrira et al., 1993 Biochemistry 32, 1088). The HP(GC) cassette was 
constructed as a control for strong base-pairing interactions in helix 2 
(U77C and A52G substitution; Fioure 24) . Another modification to 

25 discourage the reverse ligation reaction of the hairpin ribozyme was to 
shorten helix 1 (Figure 24) by one base pair relative to the wild-type 
sequence (Chowrira & Burke, 1991 Biochemistry 30, 8518). 

The HDV ribozyme self-processes efficiently when the nucleotide 5' to 
the cleavage site is a pyrimidine, and somewhat less so when adenosine is 

30 in that position. No other sequence requirements have been identified 
upstream of the cleavage site, however, we have observed some decrease 
in activity when a stem-loop structure was present within 2 nt of the 
cleavage site. The HDV self-processing construct (Fio 25) was designed to 
generate the trans-acting hammerhead ribozyme with only two additional 

35 nucleotides at its 3* end after self-processing. The HDV sequence used 
here is based on the anti-genomic sequence (Perrota & Been, 1992 supra) 
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but includes the modifications of Been et al.. 1992 ( Biochemistry 31, 
11843) in which cis-cieavage activity of the ribozyme was improved by the 
substitution of a shortened helix 4 for a wild-type stem-loop (Figure 25 ). 

To prepare DNA inserts that encode self-processing ribozyme 
5 cassettes, partially overlapping top- and bottom-strand oligonucleotides 
(60-90 nucleotides) were designed to include sequences for the T7 
promoter, the trans-acting ribozyme, the cis-cleaving ribozyme and 
appropriate restriction sites for use in cloning (see Fia. 26) . The single- 
strand portions of annealed oligohucfeotides were converted to double- 
10 strands using Sequenase® (U.S. Biochemicals). Insert DNA was ligated 
into Ecoflf/H/ndlll-digested pud 8 and transformed into E. coli strain DH5oc 
using standard protocols (Maniatis et al., 1982 in Molecular Cloning Cold 
Spring Harbor Press). The identity of positive clones was confirmed by 
sequencing small-scale plasmid preparations. 

15 Larger scale preparations of plasmid DNA for use as in vitro 

transcription templates and in transactions were prepared using the 
protocol and columns from QIAGEN Inc. (Studio City, CA) except that an 
additional ethanol precipitation was included as the final step. 

Example 22: RNA Processing in vitro 

20 Transcription reactions containing linear plasmid templates were 

carried out essentially as described (Milligan & Uhlenbeck, 1989 Supra : 
Chowrira & Burke, 1991 guprg) . In order to prepare 5' end-labeled 
transcripts, standard transcription reactions were carried out in the 
presence of 10-20 \iC\ [^pjQTP, 200 \iM each NTP and 0.5 to 1 \ig of 

25 linearized plasmid template. The concentration of MgCl2 was maintained 
at 10 mM above the total nucleotide concentration. 

To compare the ability of the different ribozyme cassettes to self- 
process in vitro, each construct was transcribed and allowed to undergo 
self-processing under identical conditions at 37°C. For these comparisons, 

30 equal amounts of linearized DNA templates bearing the various ribozyme 
cassettes were transcribed in the presence of [y- 32 P]GTP to generate 5* 
end-labeled transcripts. In this manner only the full-length, unprocessed 
transcripts and the released trans-ribozymes are visualized by 
autoradiography. In all reactions, Mg 2 + was included at 10 mM above the 

35 nucleotide concentration so that cleavage by all the ribozyme cassettes 
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would be supported. Transcription templates were linearized at several 
positions by digestion with different restriction enzymes so that self- 
processing in the presence of increasing lengths of downstream sequence 
could be compared (see Fig. 26 ). The resulting transcripts have either 4-5 
5 non-ribozyme nucleotides at the 3' end (H/ndlll-digested template), 220 
nucleotides (Nde\ digested templates) or 454 nucleotides of downstream 
sequence (Real digested template). 

As shown in Figure 27. all four ribozyme cassettes are capable of self- 
processing and yield RNA products of expected sizes. Two nucleotides 

10 essential for hammerhead ribozyme activity (Ruffner et al., 1990 supra) 
have been changed in the HH(mutant) core sequence (see Figure 23) and 
so this transcript is unable to undergo self-processing (Fig. 27) . This is 
evidenced by the lack of a released 5' RNA in the HH(mutant), although the 
full-length RNAs are present . Comparison of the amounts of released 

15 trans-ribozyme (Fig. 27) indicate that there are differences in the ability of 
these ribozymes to self-process in vitro, especially with respect to the 
presence of downstream sequence. For the two HP constructs, it Is clear 
that HP(GC) is more efficient than the HP(GU) ribozyme, both in the 
presence and in the absence of extra downstream sequence. In addition, 

20 the activity of HP(GU) falls off more dramatically when downstream 
sequence is present. The stronger G:C base pair likely contributes to the 
HP(GC) constructs ability to fold correctly (and/or more quickly) into the 
productive structure, even when as much as 216 extra nucleotides are 
present downstream. The HH ribozyme construct is also quite efficient at 

25 self-processing, and slightly better than the HP(GU) construct even when 
downstream sequence is present. 

Of the three ribozyme motifs, the presence of extra downstream 
. sequence seems to most affect the efficiency of HDV. When no extra 
sequence is present downstream, HDV is quite efficient and self-processes 
30 to approximately the same level as the HH and HP(GC) cassettes. 
However, when extra downstream sequence Is present, the self-processing 
activity seems to decrease almost as dramatically as is seen with the (sub- 
optimal) HP(GU) cassette. 
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Example 23: Kinetics of self-processing reaction 

/-//ndlll-digested template (250 ng) was used in a standard 
transcription reaction mixture containing: 50 mM TrisHCI pH 8.3; 1 mM 
ATP, GTP and UTP; 50 \lM CTP; 40 \iC\ [<x-32p]CTP; 12 mM MgCfc; 10 mM 
5 DTT. The transcription/self-processing reaction was initiated by the 
addition of T7 RNA polymerase (15 U/jxl). Aliquot^ of 5 \i\ were taken at 
regular time intervals and the reaction was stopped by adding an equal 
volume of 2x formamide loading buffer (95% formamide, 15 mM EDTA, & 
dyes) and freezing on dry ice. The samples were resolved on a 10% 
10 polyacrylamide sequencing gel and results were quantitated by 
Phosphorlmager (Molecular Dynamics, Sunnyvale, CA). Ribozyme self- 
cleavage rates were determined from non-linear, least-squares fits 
(KaleidaGraph, Synergy Software,Reeding, PA) of the data to the equation: 

(Fraction Uncleaved Transcript) = ^ (1 -e -kt ) 

15 where t represents time and k represents the unimolecular rate 

constant for cleavage (Long & Uhlenbeck, 1994 Proc. Natl. Acad. Sci. USA 
91,6977). 

Linear templates were prepared by digesting the plasmids with H/ndlll 
so that transcripts will contain only four to five vector-derived nucleotides at 

20 the 3' end ( see Figure 23-25 ). By comparison of the unimolecular rate 
constant (k) determined for each construct, it is clear that HH is the most 
efficient at self-processing (Table 44) . The HH transcript self-processes 2- 
fold faster than HDV and 3-fold faster than HP(GC) transcripts. Although 
the HP(GU) RNA undergoes self-processing, it is at least 6-fold slower than 

25 the HP(GC) construct. This is consistent with previous observations that 
the stability of helix 2 is essential for self-processing and trans-cleavage 
activity of the hairpin ribozyme (Hampel et al., 1990 supra : Chowrira & 
Burke, 1991 supra ). The rate of HH self-cleavage during transcription 
measured here (1.2 min* 1 ) is similar to the rate measured by Long and 

30 Uhlenbeck 1994 supra using a HH that has a different stem I and stem III. 
Self-processing rates during transcription for HP and HDV have not been 
previously reported. However, self-processing of the HDV ribozyme-as 
measured here during transcription-is significantly slower than when 
tested after isolation from a denaturing gel (Been et al., 1992 supra) . This 

35 decrease likely reflects the difference in protocol as well as the presence of 
5' flanking sequence in the HDV construct used here. 
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Example 24: Effect of dow nstream sequences on trans-cleavage in vitro 

Transcripts containing the trans ribozyme with or without 3' flanking 
sequences were assayed for their ability to cleave their target in trans. To 
this end, transcripts from three templates were resolved on a preparative 
5 gel and bands corresponding both to processed trans-acting ribozymes 
from the HH transcription reaction, and to full-length HH(mutant) and AHDV 
transcripts were isolated. In all three transcripts the trans-acting ribozyme 
portion is identical-with the exception of sequences at their 3' ends. The 
HH trans-acting ribozyme contains only an additional UC at its 3' end, 
1 0 while HH(mutant) and AHDV have 52 and 37 nucleotides, respectively, at 
their 3' ends. A 622 nucleotide, internally-labeled target RNA was 
incubated, under ribozyme excess conditions, along with the three 
ribozyme transcripts in a standard reaction buffer. 

To make internally-labeled substrate RNA for trans-ribozyme 
15 cleavage reactions, a 622 nt region (containing hammerhead site P) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
standard transcription buffer in the presence of [a-32p]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
20 ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 pi 
DEPC-treated water and stored at -20°G. 

Unlabeled ribozyme (1(iM) and internally labeled 622 nt substrate 
25 RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM Tris HCI pH 7.5 and 10 mM MgCfc) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 jxl were taken at regular time intervals, 
30 quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager® (Molecular Dynamics, Sunnyvale, 



35 



rhe HH trans-acting ribozyme cleaves the target RNA approximately 
faster than the AHDV transcript and greater than 20-fold faster than 
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the HH(mutant) transcript (Figure 28) . The additional nucleotides at the 
end of HH(mutant) form 7 base-pairs with the 3' target-binding arm of the 
trans-acting ribozyme (Figure 23) . This interaction must be disrupted (at a 
cost of 6 kcal/mole) to make the trans-acting ribozyme available for binding 
5 the target sequence. In contrast, the additional nucleotides at the end of 
AHDV were not designed to form any strong, alternative base-pairing with 
the trans-ribozyme. Nevertheless, the AHDV sequences are predicted to 
form multiple structures involving the 3' target-binding arm of the trans 
ribozyme that have stabilities ranging from 1-2 kcal/mole. Thus, the 
1 0 observed reductions in activity for the AHDV and HH(mutant) constructs are 
consistent with the predicted folded structures, and it reinforces the view 
that the flanking sequences can decrease the catalytic efficiency of a 
ribozyme through nonproductive interactions with either the ribozyme or 
the substrate or both. 

15 Example 25: RNA self-processing in vivn 

Since three of the constructs (HH, HDV and HP(GC)) self-process 
efficiently in solution, the affect of the mammalian cellular milieu on 
ribozyme self-processing was next explored by applicant. A transient 
expression system was employed to investigate ribozyme activity in vivo. A 
20 mouse cell line (OST7-1) that constitutively expresses T7 RNA polymerase 
in the cytoplasm was chosen for this study (Elroy-Stein and Moss, 1990 
Proc. Natl. Acad, Sci. USA 87, 6743). In these cells plasmids containing a 
ribozyme cassette downstream of the T7 promoter will be transcribed 
efficiently in the cytoplasm (Elroy-Stein & Moss, 1 990 supra) . 

25 Monolayers of a mouse L9 fibroblast cell line (OST7-1; Elroy-Stein 

and Moss, 1990 supra) were grown in 6-well plates with ~ 5x1 05 cells/well. 
Cells were transfected with circular plasmids (5 ug/well) using the calcium 
phosphate : DNA precipitation method (Maniatis et al., 1982 supra) . Cells 
were lysed (4 hours post-transfection) by the addition of standard lysis 

30 buffer (200 ul/well) containing 4M guanadinium isothiocyanate, 25 mM 
sodium citrate (pH 7.0), 0.5% sarkosyl (Chomczynski and Sacchi, 1987 
Anal, Biochem, 162, 156), and 50 mM EDTA pH 8.0. The lysate was 
extracted once with water-saturated phenol followed by one extraction with 
chloroform:isoamyl alcohol (25:1). Total cellular RNA was precipitated with 

35 an equal volume of isopropanol. The RNA pellet was resuspended in 0.2 
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M ammonium acetate and reprecipitated with ethanol. The pellet was then 
washed with 70% ethanol and resuspended in DEPC-treated water. 

Purified cellular RNA (3 ^g/reaction) was first denatured in the 
presence of a 5' end-labeled DNA primer (100 pmol) by heating to 90°C for 
5 2 min. in the absence of Mg 2+ , and then snap-cooling on ice for at least 15 
min. This protocol allows for efficient annealing of the primer to its 
complementary RNA sequence. The primer was extended using 
Superscript II reverse transcriptase (8 U/|xl; BRL) in a buffer containing 50 
mM TrisHCI pH 8.3; 10 mM DTT; 75 mM KCI; 1 mM MgCfc; 1 mM each 

10 dNTP. The extension reaction was carried out at 42°C for 10 min. The 
reaction was terminated by adding an equal volume of 2x formamide gel 
loading buffer and freezing on crushed dry ice. The samples were 
resolved on a 10% polyacrylamide sequencing gel. The primer sequences 
are as follows: HH primer, S'-CTCCAGTTTCGAGCTTT-S'; HDV primer, 5- 

15 AAGTAGCCCAGGTCGG ACC-3'; HP primer, 5'- 
ACCAGGTAATATACCACAAC-3\ 

As shown in Figure 29. specific bands corresponding to full-length 
precursor RNA and 3' cleavage products were detected from cells 
transfected with the self-processing cassettes. All three constructs, in 
20 addition to being transcriptionally active, appear to self-process efficiently 
in the cytoplasm of OST7-1 cells. In particular, the HH and HP(GC) 
constructs self-process to greater than 95%. The overall extent of self- 
processing in OST7-1 cells appears to be strikingly similar to the extent of 
self-processing in vitro I Figure 29 d ln Vitro +MgCl2 n vs. "Cellular"). 

25 Consistent with the in vitro self-processing results, the HP(GU) 

cassette self-processed to approximately 50% in OST7-1 cells. As 
expected, transfection with plasmids containing the HH(mutant) cassette 
yielded a primer-extension product corresponding to the full-length RNA 
with no detectable cleavage products (Figure 29) . The latter result strongly 

30 suggests that the primer extension band corresponding to the 3' cleavage 
product is not an artifact of reverse transcription. 

Applicant was concerned with the possibility that RNA self-processing 
might occur during cell lysis, RNA isolation and /or the primer extension 
assay. Two precautions were taken to exclude this possibility. First, 50 mM 
35 EDTA was included in the lysis buffer. EDTA is a strong chelator of divalent 
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metal ions such as Mg 2+ and Ca 2+ that are necessary for ribozyme 
activity. Divalent metal ions are therefore unavailable to self-processing 
RNAs following cell lysis. A second precaution involved using primers in 
the primer-extension assay that were designed to hybridize to essential 
5 regions of the processing ribozyme. Binding of these primers should 
prevent the 3* cis-acting ribozymes from folding into the conformation 
essential for catalytic activity. 

Two experiments were carried out to further eliminate the possibility 
that self-processing is occurring either during RNA preparations or during 

10 the primer extension analysis. The first experiment involves primer 
extension analysis on full-length precursor RNAs that were added to non 
transfected OST7-1 lysates after cell lysis. Thus, only rf self-processing is 
occurring at some point after lysis would cleavage products be detected. 
Full-length precursor RNAs were- prepared by transcribing under conditions 

15 of low Mg 2+ (5 mM) and high NTP concentration (total 12 mM) in an 
attempt to eliminate the free Mg 2 + required for the self-processing reaction 
(Michel et al. 1992 Genes & Dev. 6, 1373). The full-length precursor RNAs 
were gel-purified, and a known amount was added to lysates of non- 
transfected OST7-1 cells. RNA was purified from these lysates and 

20 incubated for 1 hr in DEPC-treated water at 37° C prior to the standard 
primer extension analysis (Figure 29 . in vitro "-MgCl2" control). The 
predominant RNA detected in all cases corresponds to the primer 
extension product of full-length precursor RNAs. If, instead, the purified 
RNA containing the full-length precursor is incubated in 10 mM MgCl2 prior 

25 to the primer extension analysis, most or all of the RNA detected by primer 
extension analysis undergoes cleavage (Figure 29 . in vitro "+MgCl2" 
control). These results indicate that the standard RNA isolation and primer 
extension protocols used here do not provide a favorable environment for 
RNA self-processing, even though the RNA in question is inherently able to 

30 undergo self-cleavage. 

In a second experiment to demonstrate lack of self-processing during 
work up, internally-labeled precursor RNAs were prepared and added to 
non-transfected OST7-1 lysates as in the previous control. The internally- 
labeled precursor RNAs were carried through the RNA purification and 
35 primer extension reactions (in the presence of unlabeled primers) and 
analyzed to determine the extent of serf-processing. By this analysis, the 
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vast majority of the added full-length RNA remained intact during the entire 
process of RNA isolation and primer extension. 

These two control experiments validate the protocols used and 
support applicant's conclusion that the self-processing reactions catalyzed 
5 by HH, HDV and HP(GC) cassettes are occurring in the cytoplasm of 
OST7-1 cells. 

Sequences in figures 23 through 25 are meant to be non-limiting 
examples. Those in the art will recognize that other embodiments can be 
readily generated using techniques generally known in the art. 

10 In addition, those in the art will recognize that Applicant provides 
guidance through the above examples as to how to best design vectors of 
this invention so that secondary structure of the mRNA allows efficient 
cleavage by releasing ribozymes. Thus, the specific constructs are not 
limiting in this invention. Such constructs can be readily tested as 

15 described above for such secondary structure, either by computer folding 
algorithms or empirically. Such constructs will then allow at least 80% 
completion of release of ribozymes, which can be readily determined as 
described above or by methods known in the art. That is, any such 
secondary structure in the RNA does not reduce release of the ribozymes 

20 by more than 20%. 

JVj Ribozymes Expressed bv RNA Polymerase III 

Applicant has determined that the level of production of a foreign 
RNA, using a RNA polymerase III (pol III). based system, can be significantly 
enhanced by ensuring that the RNA is produced with the 5' terminus and a 
25 3' region of the RNA molecule base-paired together to form a stable 
intramolecular stem structure. This stem structure is formed by hydrogen 
bond interactions (either Watson-Crick or non-Watson-Crick) between 
nucleotides in the 3' region (at least 8 bases) and complementary 
nucleotides in the 5' terminus of the same RNA molecule. 

30 Although the example provided below involves a type 2 pol III gene 

unit, a number of other pol III promoter systems can also be used, for 
example, tRNA (Hall et al., 1982 Ce//29, 3-5), 5S RNA (Nielsen et al., 
1993, Nucleic Acids Res. 21, 3631-3636), adenovirus VA RNA (Fowlkes 
and Shenk, 1980 Ce//22, 405-413), U6 snRNA (Gupta and Reddy, 1990 
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Biol. Chem. 268, 7868-7873), telomerase RNA (Romero and Blackburn, 
1991 Cell 67, 343-353), and others. 

The construct described in this invention is able to accumulate RNA to 
5 a significantly higher level than other constructs, even those in which 5' 
and 3' ends are involved in hairpin loops. Using such a construct the level 
of expression of a foreign RNA can be increased to between 20,000 and 
50,000 copies per cell. This makes such constructs, and the vectors 
encoding such constructs, excellent for use in decoy, therapeutic editing 

1 0 and antisense protocols as well as for ribozyme formation. In addition, the 
molecules can be used as agonist or antagonist RNAs (affinity RNAs). 
Generally, applicant believes that the intramolecular base-paired 
interaction between the 5' terminus and the 3' region of the RNA should be 
in a double-stranded structure in order to achieve enhanced RNA 

15 accumulation. 

Thus, in one preferred embodiment the invention features a pol III 
promoter system (ag^, a type 2 system) used to synthesize a chimeric RNA 
molecule which includes tRNA sequences and a desired RNA (e.g. . a 
tRNA-based molecule). 

20 The following exemplifies this invention with a type 2 pol III promoter 

and a tRNA gene. Specifically to illustrate the broad invention, the RNA 
molecule in the following example has an A box and a B box of the type 2 
pol 111 promoter system and has a 5' terminus or region able to base-pair 
with at least 8 bases of a complementary 3 1 end or region of the same RNA 

25 molecule. This is meant to be a specific example. Those in the art will 
recognize that this is but one example, and other embodiments can be 
readily generated using other pol III promoter systems and techniques 
generally known in the art. 

By "terminus" is meant the terminal bases of an RNA molecule, ending 
30 in a 3' hydroxyl or 5' phosphate or 5' cap moiety. By "region" is meant a 
stretch of bases 5* or 3' from the terminus that are involved in base-paired 
interactions. It need not be adjacent to the end of the RNA. Applicant has 
determined that base pairing of at least one end of the RNA molecule with 
a region not more than about 50 bases, and preferably only 20 bases, from 
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the other end of the molecule provides a useful molecule able to be 
expressed at high levels. 

By "3' region 0 is meant a stretch of bases 3' from the terminus that are 
involved in intramolecular bas-paired interaction with complementary 
5 nucleotides in the 5' terminus of the same molecule. The 3' region can be 
designed to include the 3' terminus. The 3* region therefore is £ 0 
nucleotides from the 3' terminus. For example, in the S35 construct 
described in the present invention (Tig. 40^ the 3' region is one nucleotide 
from the 3' terminus. In another example, the 3' region is ~ 43 nt from 3' 
10 terminus. These examples are not meant to be limiting. Those in the art 
will recognize that other embodiments can be readily generated using 
techniques generally known in the art. Generally, it is preferred to have the 
3' region within 1 00 bases of the 3' terminus. 

By "tRNA molecule" is meant a type 2 pol III driven RNA molecule that 
1 5 is generally derived from any recognized tRNA gene. Those in the art will 
recognize that DNA encoding such molecules is readily available and can 
be modified as desired to alter one or more bases within the DNA encoding 
the RNA molecule and/or the promoter system. Generally, but not always, 
such molecules include an A box and a B box that consist of sequences 
20 which are well known in the art (and examples of which can be found 
throughout the literature). These A and B boxes have a certain consensus 
sequence which is essential for a optimal pol III transcription. 

By "chimeric tRNA molecule" is meant a RNA molecule that includes a 
pol III promoter (type 2) region. A chimeric tRNA molecule, for example, 

25 might contain an intramolecular base-paired structure between the 3* 
region and complementary 5' terminus of the molecule, and includes a 
foreign RNA sequence at any location within the molecule which does not 
affect the activity of the type 2 pol III promoter boxes. Thus, such a foreign 
RNA may be provided at the 3' end of the B box, or may be provided in 

30 between the A and the B box, with the B box moved to an appropriate 
location either within the foreign RNA or another location such that it is 
effective to provide pol III transcription. In one example, the RNA molecule 
may include a hammerhead ribozyme with the B box of a type 2 pol III 
promoter provided in stem II of the ribozyme. In a second example, the B 

35 box may be provided in stem IV region of a hairpin ribozyme. A specific 
example of such RNA molecules is provided below. Those in the art will 
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recognize that this is but one example, and other embodiments can be 
readily generated using techniques generally known in the art. 

By "desired RNA" molecule is meant any foreign RNA molecule which 
is useful from a therapeutic, diagnostic, or other viewpoint. Such 
5 molecules include antisense RNA molecules, decoy RNA molecules, 
enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA. 

By "antisense RNA" is meant a non-enzymatic RNA molecule that 
binds to another RNA (target RNA) by means of RNA-RNA interactions and 
alters the activity of the target RNA (Eguchi et al., 1991 Annu. Rev. 

10 Biochem. 60, 631-652). By "enzymatic RNA" is meant an RNA molecule 
with enzymatic activity (Cech, 1988 J. American. Med. Assoc. 260, 3030- 
3035). Enzymatic nucleic acids (ribozymes) act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a 
enzymatic nucleic acid which is held in close proximity to an enzymatic 

15 portion of the molecule that acts to cleave the target RNA. Thus, the 
enzymatic nucleic acid first recognizes and then binds a target RNA 
through base-pairing, and once bound to the correct site, acts 
enzymatically to cut the target RNA. 

By "decoy RNA" is meant an RNA molecule that mimics the natural 
20 binding domain for a ligand. The decoy RNA therefore competes with 
natural binding target for the binding of a specific ligand. For example, it 
has been shown that over-expressipn of HIV trans-activation response 
(TAR) RNA can act as a "decoy" and efficiently binds HIV tat protein, 
thereby preventing It from binding to TAR sequences encoded in the HIV 
25 RNA (Sullenger et al., 1990 Cell 63, 601-608). This is meant to be a 
specific example. Those in the art will recognize that this is but one 
example, and other embodiments can be readily generated using 
techniques generally known in the art. 

By "therapeutic editing RNA" is meant an antisense RNA that can bind 
30 to its cellular target (RNA or DNA) and mediate the modification of a 
specific base. 

By "agonist RNA" is meant an RNA molecule that can bind to protein 
receptors with high affinity and cause the stimulation of specific cellular 
pathways. 
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By "antagonist RNA" is meant an RNA molecule that can bind to 
cellular proteins and prevent it from performing its normal biological 
function (for example, see Tsai et ah, 1992 Proc. Natl. Acad. Sci. USA 89, 
8864-8868). 

5 In other aspects, the invention includes vectors encoding RNA 

molecules as described above, cells including such vectors, methods for 
producing the desired RNA, and use of the vectors and cells to produce this 
RNA. 

Thus, the invention features a transcribed non-naturally occuring RNA 
10 molecule which includes a desired therapeutic RNA portion and an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and complementary nucleotides at the 5' terminus in the RNA. The 
stem preferably includes at least 8 base pairs, but may have more, for 
example, 15 or 16 base pairs, 

15 In preferred embodiments, the 5* terminus of the chimeric tRNA 

includes a portion of the precursor molecule of the primary tRNA molecule, 
of which £ 8 nucleotides are involved in base-pairing interaction with the 3 1 
region; the chimeric tRNA contains A and B boxes; natural sequences 3' of 
the B box are deleted, which prevents endogenous RNA processing; the 

20 desired RNA molecule is at the 3' end of the B box; the desired RNA 
molecule is between the A and the B box; the desired RNA molecule 
includes the B box; the desired RNA molecule is selected from the group 
consisting of antisense RNA, decoy RNA, therapeutic editing RNA, 
enzymatic RNA, agonist RNA and antagonist RNA; the molecule has an 

25 intramolecular stem resulting from a base-paired interaction between the 5' 
terminus of the RNA and a complementary 3* region within the same RNA, 
and includes at least 8 bases; and the 5* terminus is able to base pair with 
at least 15 bases of the 3' region. 

In most preferred embodiments, the molecule is transcribed by a RNA 
30 polymerase III based promoter system, e.g., a type 2 pol III promoter 
system; the molecule is a chimeric tRNA, and may have the A and B boxes 
of a type 2 pol III promoter separated by between 0 and 300 bases; DNA 
vector encoding the RNA molecule of claim 51. 
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In other related aspects, the invention features an RNA or DNA vector 
encoding the above RNA molecule, with the portions of the vector encoding 
the RNA functioning as a RNA pol III promoter; or a cell containing the 
vector ; or a method to provide a desired RNA molecule in a cell, by 
5 introducing the molecule into a cell with an RNA molecule as described 
above. The cells can be derived from animals, plants or human beings. 

In order for RNA-based gene therapy approaches to be effective, 
sufficient amounts of the therapeutic RNA must accumulate in the 
appropriate intracellular compartment of the treated cells. Accumulation is 

10 a function of both promoter strength of the antiviral gene, and the 
intracellular stability of the antiviral RNA. Both RNA polymerase II (pol II) 
and RNA polymerase III (pol III) based expression systems have been used 
to produce therapeutic RNAs in cells (Sarver & Rossi, 1993 AIDS Res. & 
Human Retroviruses 9, 483-487; Yu et al., 1993 P.A/.AS.(USA) 90, 6340- 

15 6344). However, pol III based expression cassettes are theoretically more 
attractive for use in expressing antiviral RNAs for the following reasons. 
Pol II produces messenger RNAs located exclusively in the cytoplasm, 
whereas pol III produces functional RNAs found in both the nucleus and the 
cytoplasm. Pol II promoters tend to be more tissue restricted, whereas pol 

20 III genes encode tRNAs and other functional RNAs necessary for basic 
"housekeeping 0 functions in all ceil types. Therefore, pol 111 promoters are 
likely to be expressed in all tissue types. Finally, pol III transcripts from a 
given gene accumulate to much greater levels in cells relative to pol II 
genes. 

25 Intracellular accumulation of therapeutic RNAs is also dependent on 

the method of gene transfer used. For example, the retroviral vectors 
presently used to accomplish stable gene transfer, integrate randomly into 
the genome of target cells. This random integration leads to varied 
expression of the transferred gene in individual cells comprising the bulk 

30 treated cell population. Therefore, for maximum effectiveness, the 
transferred gene must have the capacity to express therapeutic amounts of 
the antiviral RNA in the entire treated cell population, regardless of the 
integration site. 
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Pol 111 System 

The following is just one non-limiting example of the invention. A pol 
ill based genetic element derived from a human tRNAjmet ge ne and 
termed A3-5 (Fig. 33: Adeniyi-Jones et al., 1984 supra), has been adapted 
5 to express antiviral RNAs (Sullenger et al., 1990 Mol. Cell. Biol. 10, 6512- 
6523). This element was inserted into the DC retroviral vector (Sullenger 
et al., 1990 Mol. Cell. Biol. 10, 6512-6523) to accomplish stable gene 
transfer, and used to express antisense RNAs against moloney murine 
leukemia virus and anti-HIV decoy RNAs (Sullenger et al., 1990 Mol. Cell. 

10 Biol. 10, 6512-6523; Sullenger et al., 1990 Ce//63, 601-608; Sullenger et 
al., 1991 J. Virol. 65, 6811-6816; Lee et al., 1992 The New Biologist 4, 66- 
74). Clonal lines are expanded from individual cells present in the bulk 
population, and therefore express similar amounts of the therapeutic RNA 
in all cells. Development of a vector system that generates therapeutic 

15 levels of therapeutic RNA in all treated cells would represent a significant 
advancement in RNA based gene therapy modalities. 

Applicant examined hammerhead (HHI) ribozyme (RNA with 
enzymatic activity) expression in human T cell lines using the A3-5 vector 
system (These constructs are termed "A3-5/HHI"; Fig. 34) . On average, 

20 ribozymes were found to accumulate to less than 100 copies per cell in the 
bulk T cell populations. In an attempt to improve expression levels of the 
A3-5 chimera, the applicant made a series of modified A3-5 gene units 
containing enhanced promoter elements to increase transcription rates, 
and inserted structural elements to improve the intracellular stability of the 

25 ribozyme transcripts (Fjq, 34). One of these modified gene units, termed 
S35, gave rise to more than a 100-fold increase in ribozyme accumulation 
in bulk T cell populations relative to the original A3-5/HHI vector system. 
Ribozyme accumulation in individual clonal lines from the pooled T cell 
populations ranged from 10 to greater than 100 fold more than those 

30 achieved with the original A3-5/HHI version of this vector. 

The S35 gene unit may be used to express other therapeutic RNAs 
including, but not limited to, ribozymes, antisense, decoy, therapeutic 
editing, agonist and antagonist RNAs. Application of the S35 gene unit 
would not be limited to antiviral therapies, but also to other diseases, such 
35 as cancer, in which therapeutic RNAs may be effective. The S35 gene unit 
may be used in the context of other vector systems besides retroviral 
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vectors, including but not limited to, other stable gene transfer systems 
such as adeno-associated virus (AAV; Carter, 1992 Curr. Opin. Genet Dev. 
3, 74), as well as transient vector systems such as plasmid delivery and 
adenoviral vectors (Berkner, 1988 BioTechniques 6, 616-629). 

5 As described below, the S35 vector encodes a truncated version of a 

tRNA wherein the 3' region of the RNA is base-paired to. complementary 
nucleotides at the 5' terminus, which includes the 5' precursor portion that 
is normally processed off during tRNA maturation. Without being bound by 
any theory, Applicant believes this feature is important in the level of 
10 expression observed. Thus, those in the art can now design equivalent 
RNA molecules with such high expression levels. Below are provided 
examples of the methodology by which such vectors and tRNA molecules 
can be made. 

A3-5 Vectors 

15 The use of a truncated human tRNAj met gene, termed A3-5 (Ha. 33 : 

Adeniyi-Jones et al., 1984 supra), to drive expression of antisense RNAs, 
and subsequently decoy RNAs (Sullenger et al., 1990 supra) has recently 
been reported. Because tRNA genes utilize internal pol III promoters, the 
antisense and decoy RNA sequences were expressed as chimeras 

20 containing tRNAj met sequences. The truncated tRNA genes were placed 
into the U3 region of the 3' moloney murine leukemia virus vector LTR 
(Sullenger et al., 1990 supra). 

Base-Paired Structures 

Since the A3-5 vector combination has been successfully used to 
25 express inhibitory levels of both antisense and decoy RNAs, applicant 
cloned ribozyme-encoding sequences (termed as tt A3-5/HHr) into this 
vector to explore its utility for expressing therapeutic ribozymes. However, 
low ribozyme accumulation in human T cell lines stably transduced with 
this vector was observed (Fig. 35) . To try and improve accumulation of the 
30 ribozyme, applicant incorporated various RNA structural elements (Fig. 34) 
into one of the ribozyme chimeras (A3-5/HHI). . 

Two strategies were used to try and protect the termini of the chimeric 
transcripts from exonucleolytic degredation. One strategy involved the 
incorporation of stem-loop structures into the termini of the transcript. Two 
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such constructs were cloned, S3 which contains a stem-loop structure at 
the 3' end, and S5 which contains stem-loop structures at both ends Of the 
transcript (Figure 34) . The second strategy involved modification of the 3' 
terminal sequences such that the 5' terminus and the 3' end sequences 
5 can form a stable base-paired stem. Two such constructs were made: S35 
in which the 3' end was altered to hybridize to the 5' leader and acceptor 
stem of the tRNAj m et domain, and S35Plus which was identical to S35 but 
included more extensive structure formation within the non-ribozyme 
portion of the A3-5 chimeras (Figure 34) . These stem-loop structures are 

10 also intended to sequester non-ribozyme sequences in structures that will 
prevent them from interfering with the catalytic activity of the ribozyme. 
These constructs were cloned, producer cell lines were generated, and 
stably-transduced human MT2 (Harada et al., 1985 supra) and CEM (Nara 
& Fischinger, 1988 supra) cell lines were established (Curr. Protocols Mol. 

1 5 Biol. 1992, ed. Ausubel et al., Wiley & Sons, NY). The RNA sequences and 
structure of S35 and S35 Plus are provided in Figures 40-47 . 

Referring to Figure 43. there is provided a general structure for a 
chimeric RNA molecule of this invention. Each N independently represents 
none or a number of bases which may or may not be base paired. The A 

20 and B boxes are optional and can be any known A or B box, or a 
consensus sequence as exemplified in the figure. The desired nucleic acid 
to be expressed can be any location in the molecule, but preferably is on 
those places shown adjacent to or between the A and B boxes (designated 
by arrows). Figure 49 shows one example of such a structure in which a 

25 desired RNA is provided 3' of the intramolecular stem. A specific example 
of such a construct is provided In Figures 50 and 51 . 

Example 26 : Cloning of A3-5-Ribozvme Chimera 

Oligonucleotides encoding the S35 insert that overlap by at least 15 
nucleotides were designed (5' GATCCACTCTGCTGTTCTGTTTTTGA 3' 
30 and 5' CGCGTCAAAAACAGAACAGCAGAGTG 3'). The oligonucleotides 
(10 uM each) were denatured by boiling for 5 min in a buffer containing 40 
mM Tris.HCI, pH8.0. The oligonucleotides were allowed to anneal by snap 
cooling on ice for 10-15 min. 

The annealed oligonucleotide mixture was converted into a double- 
35 stranded molecule using Sequenase® enzyme (US Biochemicals) in a 
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buffer containing 40 mM Tris.HCI, pH7.5, 20 mM MgCl2, 50 mM NaCI, 0.5 
mM each of the four deoxyribonucleotide triphosphates, 10 mM DTT. The 
reaction was allowed to proceed at 37°C for 30 min. The reaction was 
stopped by heating to 70°C for 15 min. 

5 The double stranded DNA was digested with appropriate restriction 

endonucleases (BamHI and Mlu\) to generate ends that were suitable for 
cloning into the A3-5 vector. 

The double-stranded insert DNA was ligated to the A3-5 vector DNA 
by incubating at room temperature (about 20°C) for 60 min in a buffer 
1 0 containing 66 mM Tris.HCI, pH 7.6, 6.6 mM MgCfc. 10 mM DTT, 0.066 \iM 
ATP and 0.1 U/ul T4 DNA Ligase (US Biochemicals). 

Competent E. coli bacterial strain was transformed with the 
recombinant vector DNA by mixing the cells and DNA on ice for 60 min. 
The mixture was heat-shocked by heating to 37°C for 1 min. The reaction 
1 5 mixture was diluted with LB media and the cells were allowed to recover for 
60 min at 37°C. The cells were plated on LB agar plates and incubated at 
37°Cfor-18h. 

Plasmid DNA was isolated from an overnight culture of recombinant 
clones using standard protocols (Ausubel et al., Curr. Protocols Mol, 
20 Biology 1 990, Wiley & Sons, NY). 

The identity of the clones were determined by sequencing the plasmid 
DNA using the Sequenase® DNA sequencing kit (US Biochemicals). 

The resulting recombinant A3-5 vector contains the S35 sequence. 
The HHI encoding DNA was cloned into this A3-5-S35 containing vector 
25 using Sadl and BamH\ restriction sites. 

Example 27: Nort hern analysis 

RNA from the transduced MT2 cells were extracted and the presence 
of A3-5/ribozyme chimeric transcripts were assayed by Northern analysis 
(Curr. Protocols Mol. Biol. 1992, ed. Ausubel et al., Wiley & Sons, NY). 
30 Northern analysis of RNA extracted from MT2 transductants showed that 
A3-5/ribozyme chimeras of appropriate sizes were expressed fFig. 35.36) . 
In addition, these results demonstrated the relative differences in 
accumulation among the different constructs (Figure 3S.3B) The pattern of 
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expression seen from the A3-5/HHI ribozyme chimera was similar to 12 
other ribozymes cloned into the A3-5 vector (not shown). In MT-2 cell line, 
A3-5/HHI ribozyme chimeras accumulated, on average, to less than 100 
copies per cell. 

5 Addition of a stem-loop onto the 3' end of A3-5/HHI did not lead to 

increased A3-5 levels (S3 in Fig. 35.36) . The S5 construct containing both 
5' and 3' stem-loop structures also did not lead to increased ribozyme 
levels (Fig. 35.36). 

Interestingly, the S35 construct expression in MT2 cells was about 
1 0 1 00-fold more abundant relative to the original A3-5/HHI vector transcripts 
(Fig. 35,36). This may be due to increased stability of the S35 transcript. 

Example 28: Cleavage activity 

To assay whether ribozymes transcribed in the transduced cells 
contained cleavage activity, total RNA extracted from the transduced MT2 T 

15 cells were incubated with a labeled substrate containing the HHI cleavage 
site (Figure 37). Ribozyme activity in all but the S35 constructs, was too 
low to detect. However, ribozyme activity was detectable in S35- 
transduced T cell RNA. Comparison of the activity observed in the S35- 
transduced MT2 RNA with that seen with MT2 RNA in which varying 

20 amounts of in vitro transcribed S5 ribozyme chimeras, indicated that 
between 1-3 nM of S35 ribozyme was present in S35-transduced MT2 
RNA. This level of activity corresponds to an intracellular concentration of 
5,000-1 5,000 ribozyme molecules per cell. 

Example 29: Clonal variation 

25 Variation in the ribozyme expression levels among cells making up 

the bulk population was determined by generating several clonal cell lines 
from the bulk S35 transduced CEM line (Curr. Protocols Mol. Biol. 1992, 
ed. Ausubel et al., Wiley & Sons, NY) and the ribozyme expression and 
activity levels in the individual clones were measured (Figure 38 and 39), 

30 All the individual clones were found to express active ribozyme. The 
ribozyme activity detected from each clone correlated well with the relative 
amounts of ribozyme observed by Northern analysis. Steady state 
ribozyme levels among the clones ranged from approximately 1,000 
molecules per cell in clone G to 11,000 molecules per cell in clone H (Fig, 
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38) . The mean accumulation among the clones, calculated by averaging 
the ribozyme levels of the clones, exactly equaled the level measured in 
the parent bulk population. This suggests that the individual clones are 
representative of the variation present in the bulk population. 

5 The fact that all 14 clones were found to express ribozyme indicate 

that the percentage of cells in the bulk population expressing ribozyme is 
also very high. In addition, the lowest level of expression in the clones was 
still more than 10-fold that seen in bulk cells transduced with the original 
A3-5 vector. Therefore, the S35 gene unit should be much more effective 
1 0 in a gene therapy setting in which bulk cells are removed, transduced and 
then reintroduced back into a patient. 

Example 30: Stability 

Finally, the bulk S35-transduced line, resistant to G418, was 
propogated for a period of 3 months (in the absence of G418) to determine 

15 if ribozyme expression was stable over extended periods of time. This 
situation mimicks that found in the clinic in which bulk cells are transduced 
and then reintroduced into the patient and allowed to propogate. There 
was a modest 30% reduction of ribozyme expression after 3 months. This 
difference probably arose from cells with varying amount of ribozyme 

20 expression and exhibiting different growth rates in the culture becoming 
slightly more prevalent in the culture. However, ribozyme expression is 
apparently stable for at least this period of time. 

Example 31: Design and construction of TRZ-tRNA Chimera 

A transcription unit, termed TRZ, is designed that contains the S35 
25 motif (Figure 52) . A desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of TRZ tRNA chimera. This construct might provide 
additional stability to the desired RNA. TRZ-A and TRZ-B are non-limiting 
examples of the TRZ-tRNA chimera. 

Referring to Fio. 53-54. a hammerhead ribozyme targeted to site I 
30 (HHITRZ-A; Fig. 53) and a hairpin ribozyme (HPITRZ-A; Fig. 54), also 
targeted to site I, is cloned individually into the indicated region of TRZ 
tRNA chimera. The resulting ribozyme trancripts retain full RNA cleavage 
activity (see for example Fio. 55). Applicant has shown that efficient 
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expression of these TRZ tRNA chimera can be achieved in mammalian 
cells. 

Besides ribozymes, desired RNAs like antisense, therapeutic editing 
RNAs, decoys, can be readily inserted into the indicated region of TRZ- 
5 tRNA chimera to achieve therapeutic levels of RNA expression in 
mammalian cells. 

Sequences listed in Figures 40-47 and 50 - 54 are meant to be non- 
limiting examples. Those skilled In the art will recognize that variants 
(mutations, insertions and deletions) of the above examples can be readily 
10 generated using techniques known in the art, are within the scope of the 
present invention. 

Example 32: Ribozvme expression in T cell lines 

Ribozyme expression in T cell lines stably-transduced with either a 
retroviral-based or an Adeno-associated virus (AAV)-based ribozyme 

1 5 expression vector (Figure 56). The human T cell lines MT2 and CEM were 
transduced with either retroviral or AAV vectors encoding a neomycin 
slelctable marker and a ribozyme (S35/HHI) expressed from pol III metj 
tRNA-driven promoter. Cells stably-transduced with the vectors were 
selectively expanded medium containing the neomycin antibiotic 

20 derivative, G418 (0.7 mg/ml). Ribozyme expression in the stable cell lines 
was then alalyzed by Northern analysis. The probe used to detect 
ribozyme transcripts also cross-hybridized with human met,- tRNA 
sequences. Refering to Figure 56, S35/HHI RNA accumulates to significant 
levels in MT2 and CEM cells when transduced with either the retrovirus or 

25 the AAV vector. 

These are meant to be non-limiting examples, those skilled in the art 
will recognize that other vectors such as adenovirus vector (Figure 57), 
plasmid DNA vector, alpha virus vectors and the other derivatives there of, 
can be readily generated to deliver the desired RNA, using techniques 
30 known in the art and are within the scope of this invention. Additionally, the 
transcription units can be expressed individually or in multiples using pol II 
and/or pol III promoters. 

References cited herein, as well as Draper WO 93/23569, 94/02495, 
94/06331, Sullenger WO 93/12657, Thompson WO 93/04573, and Sullivan 
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WO 94/04609, and 93/11253 describe methods for use of vectors decribed 
herein, and are incorporated by reference herein. In particular these 
vectors are useful for administration of antisense and decoy RNA 
molecules. 

5 Example 33: Liaated Ribozvmes are catalvticallv active 

The ability of ribozymes generated by ligation methods, described in 
Draper et al., PCT WO 93/23569, to cleave target RNA was tested on either 
matched substrate RNA (Fia. 58V or long (622 nt) RNA (Fia. 59.60andfilV 

Matched substrate RNAs were chemically synthesized using solid- 

10 phase RNA synthesis chemistry (Scaringe et al., 1990 Nucleic Acids Res 
18, 5433-5441). Substrate RNA was 5' end-labeled using [y- 32 P] ATP and 
polynucleotide kinase fCurr. Protoc ols Mol. Bjcj 1992, ed. Ausubel et al., 
Wiley & Sons, NY). Ribozyme reactions were carried out under ribozyme 
excess conditions (kcat/KMI Herschlag and Cech, 1990 Biochemistry 29, 

15 10159-10171). Briefly, ribozyme and substrate RNA were denatured and 
renatured separately by heating to 90°C and snap cooling on ice for 10 min 
in a buffer containing 50 mM Tris. HCI pH 7.5 and 10 mM MgCfc. 
Cleavage reaction was initiated by mixing the ribozyme with the substrate 
at 37°C. Aliquots of 5 uJ were taken at regular intervals of time and the 

20 reaction was stopped by mixing with equal volume of formamide gel 
loading buffer fCurr. Protoc ols Mol. Biol. 1992, ed. Ausubel et al., Wiley & 
Sons, NY). The samples were resolved on 20 % polyacrylamide-urea gel. 
Refering to Fig. 58, -AG refers to the free energy of binding calculated for 
base-paired interactions between the ribozyme and the substrate RNA 

25 (Turner and Sugimoto, 1988 Supra) . RPI A is a HH ribozyme with 6/6 
binding arms. This ribozyme was synthesized chemically either as a one 
piece ribozyme or was synthesized in two fragments followed by ligation to 
generate a one piece ribozyme. The kcat/KM values for the two ribozymes 
were comparable. 

30 A template containing T7 RNA polymerase promoter upstream of 622 

nt long target sequence, was PCR amplified from a DNA clone. The target 
RNA (containing HH ribozyme cleavage sites B, C and D) was transcribed 
from this PCR amplified template using T7 RNA polymerase. The transcript 
was internally labeled during transcription by including [a-32p] CTP as one 

35 of the four ribonucleotide triphosphates. The transcription mixture was 



WO 95/23225 



PCT/IB95/00156 



110 

treated with DNase-1 , following transcription at 37°C for 2 hours, to digest 
away the DNA template used in the transcription. RNA was precipitated 
with Isopropanol and the pellet was washed two times with 70% ethanol to 
get rid of salt and nucleotides used in the transcription reaction. RNA is 
5 resuspended in DEPC-treated water and stored at 4°C. Ribozyme 
cleavage reactions were carried out under ribozyme excess (k C at/KM) 
conditions [Herschlag and Cech 1990 supra] . Briefly, 1000 nM ribozyme 
and 10 nM internally labeled target RNA were denatured separately by 
heating to 90°C for 2 min in the presence of 50 mM Tris.HCI, pH 7.5 and 10 
10 mM MgCl2- The RNAs were renatured by cooling to 37°C for 10-20 min. 
Cleavage reaction was initiated by mixing the ribozyme and target RNA at 
37°C. Aliquots of 5 uJ were taken at regular intervals of time and the 
reaction was quenched by adding equal volume of stop buffer. The 
samples were resolved on a sequencing gel. 

15 Example 34: Hammerhe ad ribozvmes with > 2 base-paired stem jj am 
catalyticallv active 

To decrease the cost of chemical synthesis of RNA, applicant was 
interested in determining whether the length of stem II region of a typical 
hammerhead ribozyme 4 bp stem II) can be shortened without 
20 decreasing the catalytic efficiency of the HH ribozyme. The length of stem II 
was systematically shortened by one base-pair at a time. HH ribozymes 
with three and two base-paired stem II were chemically synthesized using 
solid-phase RNA phosphoramidite chemistry (Scarinoe et al.. 1990 supral 

Matched and long substrate RNAs were synthesized and ribozyme 
25 assays were carried out as described in example 33. Referring to figures , 
62, 63 and 64, data shows that shortening stem II of a hammerhead 
ribozyme does not significantly alter the catalytic efficiency. It is applicant's 
opinion that hammerhead ribozymes with £ 2 base-paired stem II region 
are catalytically active. 

30 Example 35: Synthesis of catalvtically active hairpin ribozymes 

RNA molecules were chemically synthesized having the nucleotide 
base sequence shown in Fig. 65 for both the 5' and 3' fragments. The 3' 
fragments are phosphorylated and ligated to the 5' fragment essentially as 
described in example 37. As is evident from the Figure 65 r the 3' and 5' 
35 fragments can hybridize together at helix 4 and are covalently linked via 
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10 



15 



GAAA sequence. When this structure hybridizes to a substrate a 
ribozyme.substrate complex structure is formed. While helix 4 is shown'as 
3 base pairs it may be formed with only 1 or 2 base pairs. 

40 nM mixtures of ligated ribozymes were incubated with 1-5 nM 5' 
end-labeled matched substrates (chemically synthesized by solid-phase 
synthesis using RNA phosphoramidite chemistry) for different times in 50 
mM Tris/HCI pH 7.5, 10 mM MgCI 2 and shown to cleave the substrate 
efficiently (Fjg,£fi). 

The target and the ribozyme sequences shown in Fig. 6? pnri ^ a re 
meant to be non-limiting examples. Those in the art will recognize that 
other embodiments can be readily generated using other sequences and 
techniques generally known in the art. 

.V, Constructs Of Hatrpj p Ribozyhy ,* 

There follows an improved trans-cleaving hairpin ribozyme in which a 
rwhelix (/.e., a sequence able to form a double-stranded region with 
another single-stranded nucleic acid) is provided in the ribozyme to base- 
pa.r with a 5' region of a separate substrate nucleic acid. This helix is 
provided at the 3' end of the ribozyme after helix 3 as shown in Fioure 3 ln 
addition, at least two extra bases may be provided in helix 2 and a portion 
of the substrate corresponding to helix 2 may be either directly linked to the 
5 port.on able to hydrogen bond to the 3' end of the hairpin or may have a 
hnker of atleast one base. By trans-cleaving is meant that the ribozyme is 
able to act in trans to cleave another RNA molecule which is not covalently 
linked to the ribozyme itself. Thus, the ribozyme is not able to act on itself 
^5 m an intramolecular cleavage reaction. 

By -base-pair' is meant a nucleic acid that can form hydrogen bond(s) 
with other RNA sequence by either traditional Watson-Crick or other non- 
traditional types (for example Hoogsteen type) of interactions. 

30 he ,i* ^ 8 h inCreaSe 'I* ° f h6,iX 2 ° f 8 h3irp,n rib02 y me < with or without 
30 hehx 5) has several advantages. These include improved stability of the 

ribozyme-target complex in vivo . In addition, an Increase in the 

recogn.t.on sequence of the hairpin ribozyme improves the specificity of the 

ribozyme. This also makes possible the targeting of potential hairpin 

RECTIFIED SHEET (RUtf^ 
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ribozyme sites that would otherwise be inaccessible due to neighboring 
secondary structure. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
helix 5) enhances frans-ligation reaction catalyzed by the ribozyme. Trans- 
5 ligation reactions catalyzed by the regular hairpin ribozyme (4 bp helix 2) is 
very inefficient (Komatsu et a/., 1993 Nucleic Acids Res. 21, 185). This is 
attributed to weak base-pairing interactions between substrate RNAs and 
the ribozyme. By increasing the length of helix 2 (with or without helix 5) 
the rate of ligation {in vitro and in vivo) can be enhanced several fold. 

10 Results of experiments suggest that the length of H2 can be 6 bp 

without significantly reducing the activity of the hairpin ribozyme. The H2 
arm length variation does not appear to be sequence dependent. HP 
ribozymes with 6 bp H2 have been designed against five different target 
RNAs and all five ribozymes efficiently cleaved their cognate target RNA. 

15 Additionally, two of these ribozymes were able to successfully inhibit gene 
expression (e.g., TNF-a) in mammalian cells. Results of these experiments 
are shown below. 

HP ribozymes with 7 and 8 bp H2 are also capable of cleaving target 
RNA in a sequence-specific manner, however, the rate of the cleavage 
20 reaction is lower than those catalyzed by HP ribozymes with 6 bp H2. 

Example 36: 4 and 6 base pair H2 

Referring to Figures 67-72 . HP ribozymes were synthesized as 
described above and tested for activity. Surprisingly, those with 6 base 
pairs in H2 were still as active as those with 4 base pairs. 

25 VI. Chemical Modification 

Oligonucleotides with S'-C-alkvl Group 

The introduction of ah alkyl group at the S'-position of a nucleoside or 
nucleotide sugar introduces an additional center of chirality into the sugar 
moiety. Referring to Fig. 75 . the general structures of S'-C-alkylnucleotides 
30 belonging to the D-allose, 2, and L-talose, 3, sugar families are shown. 
The family names are derived from the known sugars D-allose and L-talose 
(Ri = CH 3 in 2 and 3 in Figure 75). Useful specific D-allose and L-talose 
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nucleotide derivatives are shown in Figure 76. 29-32 and Figure 77, 58- 
61 respectively. 

This invention relates to the use . of 5'-C-alkylnucleotides in 
oligonucleotides, which are particularly useful for enzymatic cleavage of 
5 RNA or single-stranded DNA, and also as antisense oligonucleotides. As 
the term is used in this application, 5'-C-alkylnucleotide-containing 
enzymatic nucleic acids are catalytic nucleic molecules that contain 5-C- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
10 single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 
a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

15 Also within the invention are 5"-C-alkylnucleotides which may be 

present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 

20 the 5'-C-alkyl group may reduce binding affinity of the oligonucleotide 
containing this modification, if that moiety is not in an essential base pair 
forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 

25 less consequence. Thus, for example, if. a 5-C-alkyl-containing molecule 
has 10% the activity of the unmodified molecule, but has 10-fold higher 
stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 

30 the synthesis of such nucleotides and oligonucleotides (examples of which 
are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features; 5-C-alkylnucleosides, that 
is a nucleotide base having at the 5-position on the sugar molecule an 
alkyl moiety. In a related aspect, the invention also features 5 f -C- 
35 alkylnucleotides, and in preferred embodiments features those where the 
nucleotide is not uridine or thymidine. That is, the invention preferably 
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includes all those nucleotides useful for making enzymatic nucleic acids or 
antisense molecules that are not described by the art discussed above. In 
preferred embodiments, the sugar of the nucleoside or nucleotide is in an 
optically pure form, as the talose or allose sugar. 

5 Examples of various alkyl groups useful in this invention are shown in 

Figure 75, where each Ri group is any alkyl. These examples are not 
limiting in the invention. Specifically, an "alkyl" group refers to a saturated 
aliphatic hydrocarbon, including straight-chain, branched-chain, and cyclic 
alkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More 

10 preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons, the alkyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 
=0, =S, N0 2 or N(CH 3 ) 2 , amino, or SH. The term also includes alkenyl 
groups which are unsaturated hydrocarbon groups containing at least one 

15 carbon-carbon double bond, including straight-chain, branched-chain, and 
cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. More 
preferably it is a lower alkenyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkenyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 

20 =0, =S, N0 2 , halogen. N(CH 3 ) 2 , amino, or SH. The term "alkyl" also 
includes alkynyl groups which have an unsaturated hydrocarbon group 
containing at least one carbon-carbon triple bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkynyl group has 1 to 
12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, 

25 more preferably 1 to 4 carbons. The alkynyl group may be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, 
hydroxyl, cyano, alkoxy, =0, =S, N0 2 or N(CH 3 ) 2 , amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide, and ester groups. An "aryl" group refers to an 

30 aromatic group which has at least one ring having a conjugated ji electron 
system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 

35 alkyl group (as described above) covalently joined to an aryl group (as 
described above. Carbocyclic aryl groups are groups wherein the ring 
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atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 
5 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR', where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

10 In other aspects, also related to those discussed above, the invention 

features oligonucleotides having one or more 5'-C-alkylnucleotides; e.g. 
enzymatic nucleic acids having a 5'-C-alkylnucleotide; and a method for 
producing an enzymatic nucleic acid molecule having enhanced activity to 
cleave an RNA or single-stranded DNA molecule, by forming the enzymatic 

15 molecule with at least one nucleotide having at its 5-position an alkyl 
group. In other related aspects, the invention features 5-C-alkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. 

The 5'-Oalkyl derivatives of this invention provide enhanced stability 
20 to the oligonulceotides containing them. While they may also reduce 
absolute activity in an in vitro assay they will provide enhanced overall 
activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those In the art will recognize that equivalent 
assays can be readily devised. 

25 In another aspect, the invention features a method for conversion of a 

protected alio sugar to a protected talo sugar. In the method, the protected 
alio sugar is contacted with triphenyl phosphine, diethylazodicarboxylate, 
and p-nitrobenzoic acid under inversion causing conditions to provide the 
protected talo sugar. While one example of such conditions is provided 

30 below, those in the art will recognize other such conditions. Applicant has 
found that such conversion allows for ready synthesis of all types of 
nucleotide bases as exemplified in the figures. 

While this invention is applicable to all oligonucleotides, applicant has 
found that the modified molecules of this invention are particuiary useful for 
35 enzymatic RNA molecules. Thus, below is provided examples of such 
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molecules. Those in the art will recognize that equivalent procedures can 
be used to make other molecules without such enzymatic activity. 
Specifically, Figure 1 shows base numbering of a hammerhead motif in 
which the numbering of various nucleotides in a hammerhead ribozyme is 
5 provided. This is not to be taken as an indication that the Figure is prior art 
to the pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 1, the preferred sequence of a hammerhead ribozyme 
in a 5 1 - to 3-direction of the catalytic core is CUGANGAG[base paired 
with]CGAAA. In this invention, the use of 5-C-alkyl substituted nucleotides 
1 0 that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Substitutions of any nucleotide 
with any of the modified nucleotides shown in Figure 75 are possible. 

The following are non-limiting examples showing the synthesis of 
nucleic acids using 5-C-alkyI-substituted phosphoramidites and the 
1 5 syntheses of the amidites. 

Example 37: Synthesis of Hammerhead Riboz vmes Containing S'-C-Alkyl- 
nucleotides & Other Modified Nucleotides 

The method of synthesis would follow the procedure for normal RNA 
synthesis as described in Usman.N.; Ogilvie.K.K.; Jiang, M.-Y.; 

20 Cedergren,RJ. J. Am. Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe,S.A.; Franklyn.C; Usman.N. Nucleic Acids Res. 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 
groups, such as dimethoxytrityl at the 5*-end, and phosphoramidites at the 
3'-end (compounds 26-29 and 56-59). These S'-C-alkyI substituted 

25 phosphoramidites may be incorporated not only into hammerhead 
ribozymes, but also into hairpin, hepatitis delta virus, Group 1 or Group 2 
intron catalytic nucleic acids, or into antisense oligonucleotides. They are, 
therefore, of general use in any nucleic acid structure. 

Example 38: Methvl-2. 3-0>lsoDroDylidine-6>Deoxv-p-D-allofuranoside (4) 

30 A suspension of L-rhamnose (100 g, 0.55 mo!), CuS0 4 (120 g) and 

cone. H2SO4 (4.0 mL) in 1.0 L of dry acetone was mixed for 24 h at RT, 
then filtered. Cone. NH4OH (5 mL) was added to the filtrate and the newly 
formed precipitate was filtered. The residue was concentrated in vacuo, 
coevaporated with pyridine (2 x 300 mL), dissolved in pyridine (500 mL) 

35 and cooled to 0 °C. A solution of p-toluenesufonylchloride (107 g , 0.56 
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mmol) in dry DCE (500 mL) was added dropwise over 0.5 h. The reaction 
mixture was left for 16 h at RT. The reaction was quenched by adding ice- 
water (0.5 L) and, after mixing for 0.5 h, was extracted with chloroform (0.75 
L). The organic layer was washed with H2O (2 x 500 mL), 10% H2SO4 (2 x 
5 300 mL), water (2 x 300 mL), sat. NaHCC>3 (2 x 300 mL), brine (2 x 300 
mL), dried over MgSC>4 and evaporated to dryness. The residue (115 g) 
was dissolved in dry MeOH (1 L) and treated with NaOMe (23.2 g, 0.42 
mmol) in MeOH. The reaction mixture was left for 16 h at 20 °C, neutralized 
with dry CO2 and evaporated to dryness. The residue was suspended in 
1 0 chloroform (750 mL), filtered , concentrated to 100 mL and purified by flash 
chromatography in CHCI3 to yield 45 g (37%) of compound 4. 

Example 39: Methyl>2.3-0-lsopropylidine-5-0-f-Butvldiphenvlsilyl-6> 
Deoxv-p-D-Allofuranoside (5). 

To solution of methylfuranoside 4 (12.5 g 62.2 mmol) and AgNOs 
15 (21.25 g, 125.0 mmol) in dry DMF (300 mL) f-butyldiphenylsilyl chloride 
(22.2 g , 81 mmol) was added dropwise under Ar over 0.5 h. The reaction 
mixture was stirred for 4 h at RT, diluted with CHCI3 (200 mL) ( filtered and 
evaporated to dryness (below 40 °C using a high vacuum oil pump). The 
residue was dissolved in CH2CI2 (300 mL) washed with sat. NaHC0 3 (2 x 
20 50 mL), brine (2 x 50 mL), dried over MgSC>4 and evaporated to dryness. 
The residue was purified by flash chromatography in CH2CI2 to yield 20.0 
g (75%) of compound 5. 

Example 40: Methvl-5-0-f-Butv ldiphenvlsilvl-6-Deoxy-p>n-Allofuranoside 

25 Methylfuranoside 5 (13.5 g, 30.6 mmol) was dissolved in 

CF3COOH:dioxane:H20 / 2:1:1 (v/v/v, 200 mL) and stirred at 24 °C for 45 
m. The reaction mixture was cooled to -10 °C, neutralized with cone. 
NH 4 OH (140mL) and extracted with CH2CI2 (500 mL). The organic layer 
was separated, washed with sat. NaHC03 (2 x 75 mL), brine (2 x 75 mL), 

30 dried over MgS04 and evaporated to dryness. The product 6 was purified 
by flash chromatography using a 0-10% MeOH gradient in CH2CI2. Yield 
9.0 g (76%). 
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Example 41 : Methvl-2.3-di-Q- Ben20vl-5-O-f-ButvldiDhenvlsilvl-6-Deoxv-p- 
D-AHofuranoside (7). 

Methylfuranoside 6 (7.0 g, 17.5 mmol) was coevaporated with 
pyridine (2 x 100 mL) and dissolved in pyridine (100 mL). Benzoyl chloride 
5 (5.4 g, 38.5 mmol) was added and the reaction mixture was left at RT for 1 6 
h. Dry EtOH (50 mL) was added and the reaction mixture was evaporated 
to dryness after 0.5 h. The residue was dissolved in CH2CI2 (300 mL), 
washed with sat. NaHC03 (2 x 75 mL), brine (2 x 75 mL) dried over MgS(>4 
and evaporated to dryness. The product was purified by flash 
1 0 chromatography in CH2CI2 to yield 9.5 g (89%) of compound 7. 

Example 42: 1-Q-Acetvl-2.3-di-0-benzovl-5-0-f-Butvldiphenvlsilvl-6. 
Deoxv-P-D-Allofuranose (8). 

Dibenzoate 7 (4.7 g, 7.7 mmol) was dissolved in a mixture of AcOH 
(10.0 mL), AC2O (20.0 mL) and EtOAc (30 mL) and the reaction mixture was 

15 cooled 0°C. 98% H 2 S0 4 (0.15 mL) was then added. The reaction mixture 
was kept at 0 °C for 16 h, and then poured into a cold 1:1 mixture of sat. 
NaHC0 3 and EtOAc (150 mL). After 0.5 h of vigorous stirring the organic 
phase was separated, washed with brine (2 x 75 mL), dried over MgS0 4 , 
evaporated to dryness and coevaporated with toluene (2 x 50 mL). The 

20 product was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 4.0 g (82% as a mixture of a and B isomers). 

Example 43: l-f^ ^'-di-O-Benzovl-S'-O-f-ButvldiDhenvlsilvl-fi'-nflnyy-p-n- 
Allofuranosvhuracil (9). 

Uracil (1.44 g, 11.5 mmol) was suspended in mixture of 
25 hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT, evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of acetates 8 (6.36 g, 10.0 mmol) in dry CH3CN (100 mL), followed 
30 by CF3S03SiMe3 (2.8 g, 12.6 mmol). The reaction mixture was kept at 24 
°C for 16 h, concentrated to 1/3 of its original volume, diluted with 100 mL 
of CH2CI2 and extracted with sat. NaHC0 3 (2 x 50 mL), brine (2 x 50 mL) 
dried over MgSC>4, and evaporated to dryness. The product 9 was purified 
by flash chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 . Yield: 
35 5.7 g (80%). 
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Example 44: A^Benzovl-1-f2'.3'-Di-OBenzovl-5'-Q-NButvldiDhenvlsilvl-6'- 
Deoxy-B-D-Allofuranosyl)Cvtosine (10). 

A/*-benzoylcytosine (1.84 g, 8.56 mmol) was suspended in mixture of 
hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
5 reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL), followed 
by CF3S03SiMe3 (4.76 g, 21.4 mmol). The reaction mixture was boiled 
1 0 under reflux for 5 h, cooled to RT, concentrated to 1/3 of Its original volume, 
diluted with CH 2 CI 2 (100 mL) and extracted with sat. NaHC0 3 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgS0 4 and evaporated to dryness. 
Purification by flash chromatography using a gradient of 0-5% MeOH in 
CH2CI2 yielded 1.8 g (55%) of compound 10. 

15 Example 45: /v S-Benzovl-Q-^'.S'.di-O-Benzovl-S'.O-f-Butvldinhenvlsilvl-e'- 
Deoxy-B-D-Allofuranosyl)adenine (1 1 ). 

A/S-benzoyladenine (2.86 g, 11.86 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (7 h) occurred, and then for an additional 

20 hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL) followed 
by CF 3 S0 3 SiMe3 (6.59 g, 29.7 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 

25 diluted with CH2CI2 (100 mL) and extracted with sat. NaHC0 3 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 1 1 was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH 2 CI 2 . Yield: 2.7 g (60%). 

Example 46: Ag-lsobutvrvl-g-^'.S'-di-O-B enzovl-S'-O-f-ButvldiDhenvlsilyl- 
30 6'-Deoxv-B-D-AHofuranosvnquanine fl 21 

A/2-lsobutyrylguanine (1.47 g , 11.2 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (6 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
35 coevaporated with dry toluene (2 x 50 mL). To the residue was added a 



WO 95/23225 



PCI7IB95/00156 



120 

solution of of acetates 8 (3.4 g, 5.3 mmol) in dry CH 3 CN (100 mL) followed 
by CF 3 S03SiMe 3 (6.22 g, 28.0 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH 2 CI 2 (100 mL) and extracted with sat. NaHC0 3 (2 x 50 mL), 
5 brine (2 x 50 mL) dried over MgS0 4 and evaporated to dryness. The 
product 12 was purified by flash chromatography using a gradient of 0-2% 
MeOH in CH 2 CI 2 . Yield: 2.1 g (54%). 

Example 47: A^-Benzovl-9-f2 , .3 , -di-0-ben2oyl -6 i -Deoyy.R.n.Allofuranf>- 
svhadenine M51 

10 Nucleoside 11 (1.65 g, 2.0 mmol) was dissolved in THF (50 mL) and 

a 1 M solution of TBAF in THF (4 mL) was added. The reaction mixture was 
kept at RT for 4 h, evaporated to dryness and the product purified by flash 
chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 to yield 1.0 g 
(85%) of compound 15. 

15 Example 48: /VS-Benzovl-g-^'.S'-di-O-B enzovl-S'-O-nimethoxvtrjfyl-p'. 
Deoxv-B-D-Allofuranosvn-adenine ( 1<n 

Nucleoside 15 (0.55 g, 0.92 mmol) was dissolved in dry CH 2 CI 2 (50 
mL). AgN0 3 (0.34 g, 2.0 mmol), dimethoxytrityl chloride (0.68 g, 2.0 mmol) 
and sym-collidine (0.48 g) were added under Ar. The reaction mixture was 
20 stirred for 2h, diluted with CH 2 CI 2 (100 mL), filtered, evaporated to dryness 
and coevaporated with toluene (2 x 50 mL). Purification by flash 
chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 yielded 0.8 g 
(97%) of compound 19. 

Example 49: A/6-Benzovl-9-/-5'-O .Dimethoxytrity|-6 , -DeQxylp-n.^| tn. 
25 furanosvhadenine (25\. 

Nucleoside 19 (1.8 g, 2 mmol) was dissolved in dioxane (50 mL), 
cooled to 0 °C and 2 M NaOH (50 mL) was added. The reaction mixture 
was kept at 0 °C for 45 m, neutralized with Dowex 50 (Pyr+ form), filtered 
and the resin was washed with MeOH (2 x 50 mL). The filtrate was then 
30 evaporated to dryness. Purification by flash chromatography using a 
gradient of 0-10% MeOH in CH 2 CI 2 yielded 1 .1 g (80%) of 23. 
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Example 50: A^-BenzoyNQ-^S'-O-Dimethoxvtritvl^^O-^butyldimethvlsilvU 
e'-Deoxy-ft-D-Allofuranosvnadenine (27). 

Nucleoside 23 (1.2 g, 1.8 mmol) was dissolved in dry THF (50 mL). 
Pyridine (0.50 g, 8 mmol) and AgN03 (0.4 g, 2.3 mmol) were added. After 
5 the AgN03 dissolved (1.5 h), f-butyldimethylsilyl chloride (0.35 g t 2.3 
mmol) was added and the reaction mixture was stirred at RT for 16 h. The 
reaction mixture was diluted with CH2CI2 (100 mL), filtered into sat. 
NaHC03 (50 mL), extracted, the organic layer washed with brine (2 x 50 
mL), dried over MgS04 and evaporated to dryness. The product 27 was 
1 0 purified by flash chromatography using a hexanes:EtOAc / 7:3 gradient. 
Yield: 0.7 g (50%). 

Example 51 : A/S-Benzovl^NS^O-Dimethoxvtritvl^^O-f^butvldimethvlsilyl- 
6 , -Deoxv>B-D-Allofuranosvnadenine-3 , -f2-Cvanoethvl A/.A/-diisoprnp yl- 
phosphoramidite) (31). 

15 Standard phosphitylation of 27 according to Scaringe,S.A.; 

Franklyn.C; Usman,N. Nucleic Acids Res. 1990, 18, 5433-5441 yielded 
phosphoramidite 31 in 73% yield. 

Example 52: Methvl-5-0-o-Nit roben20vl-2.3--(>lsoDropvlidine-6>deQyy>^ i - 
Tallofuranoside (9) 

20 Methylfuranoside 4 (3.1 g 14.2 mmol) was dissolved in dry dioxane 

(200 mL), p-nitrobenzoic acid (10.0 g, 60 mmol) and triphenylphosphine 
(15.74 g, 60.0 mmol) were added followed by DEAD (10.45 g, 60.0 mmol). 
The reaction mixture was left at RT for 16 h, EtOH (5 mL) was added, and 
after 0.5 h the reaction mixture was evaporated to dryness. The residue 

25 was dissolved in CH2CI2 (300 mL) washed with sat. NaHC0 3 (2 x 75 mL), 
brine (2 x 75 mL) dried over MgSCX* and evaporated to dryness. 
Purification by flash chromatography using a hexanes:EtOAc / 9:1 gradient 
yielded 4.1 g (78%) of compound 33. Subsequent debenzoylation 
(NaOMe/MeOH) and silylation (see preparation of 5) led to L- 

30 talofuranoside 34 which was converted to phosphoramidites 58-61 using 
the same methodology as described above for the preparation of the 
phosphoramidites of the D-allo-isomers 29-32. 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
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or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et al., PCT WO 94/ 02595. 

5 The ribozymes and the target RNA containing site O were 

synthesized, deprotected and purified as described above. RNA cleavage 
assay was carried our at 37°C in the presence of 10 mM MgCl2 as 
described above. 

Applicant has substituted 5'-C-Me-L-talo nucleotides at positions A6, 
10 A9, A9 + G10, C1 1 .1 and C1 1 .1 + G10, as shown in Figure 78 (HH-01 to 
HH-05). HH-O 1,2,4 and 5 showed almost wild type activity (Figure 79). 
However, HH-03 demonstrated low catalytic activity. Ribozymes HH-01, 
2, 3, 4 and 5 are also extremely resistant to degradation by human 
serum nucleases. 

15 Oligonucleotides with 2'-Deoxv-2'-AH<vInucleotirte 

This invention uses 2'-deoxy-2'-alkylnucleotides in oligonucleotides, 
which are particularly useful for enzymatic cleavage of RNA or single- 
stranded DNA, and also as antisense oligonucleotides. As the term is used 
in this application, 2'-deoxy-2'-alkylnucleotide-containing enzymatic 

20 nucleic acids are catalytic nucleic molecules that contain 2'-deoxy-2'- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 

25 a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the invention are 2'-deoxy-2'-alkylnucleotides which may 
be present in enzymatic nucleic acid or even in antisense oligonucleotides. 

30 Contrary to the findings of De Mesmaeker et al. applicant has found that 
such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 
the 2'-alkyl group may reduce binding affinity of the oligonucleotide 

35 containing this modification, if that moiety is not in an essential base pair 
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forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 
less consequence. Thus, for example, if a 2'-deoxy-2'-alkyl-containing 
5 molecule has 10% the activity of the unmodified molecule, but has 10-fold 
higher stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 
the synthesis of such nucleotides and oligonucleotides (examples of which 
1 0 are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 2'-deoxy-2'- 
alkylnucleotides, that is a nucleotide base having at the 2-position on the 
sugar molecule an alkyl moiety and in preferred embodiments features 
those where the nucleotide is not uridine or thymidine. That is, the 
15 invention preferably includes all those nucleotides useful for making 
enzymatic nucleic acids or antisense molecules that are not described by 
the art discussed above. 

Examples of various alkyl groups useful in this invention are shown in 
Figure 81, where each R group is any alkyl. The term "alkyl* does not 
20 include alkoxy groups which have an "-O-alkyl" group, where "alkyl'' is 
defined as described above, where the O is adjacent the 2'-position of the 
sugar molecule. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more 2'-deoxy-2'-alkylnucleotides 

25 (preferably not a 2'-alkyl- uridine or thymidine); e.g. enzymatic nucleic 
acids having a 2'-deoxy-2'-alkylnucleotide; and a method for producing an 
enzymatic nucleic acid molecule having enhanced activity to cleave an 
RNA or single-stranded DNA molecule, by forming the enzymatic molecule 
with at least one nucleotide having at its 2'-position an alkyl group. In other 

30 related aspects, the invention features 2'-deoxy-2' alkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. . 

The 2'-alkyl derivatives of this invention provide enhanced stability to 
the oligonulceotides containing them. While they may also reduce 
35 absolute activity in an in vitro assay they will provide enhanced overall 
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activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
5 enzymatic activity having ribonucleotides at locations shown in Figure 80 at 
5, 6, 8, 12, and 15.1, and having substituted ribonucleotides at other 
positions in the core and in the substrate binding arms if desired. (The term 
"core" refers to positions between bases 3 and 14 in Figure 80, and the 
binding arms correspond to the bases from the 3'-end to base 15.1, and 
10 from the 5'-end to base 2). Applicant has found that use of ribonucleotides 
at these five locations in the core provide a molecule having sufficient 
enzymatic activity even when modified nucleotides are present at other 
sites in the motif. Other such combinations of useful ribonucleotides can be 
determined as described by Usman et al. supra. 

15 Figure 80 shows base numbering of a hammerhead motif in which the 

numbering of various nucleotides in a hammerhead ribozyme is provided. 
This is not to be taken as an indication that the Figure is prior art to the 
pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 80 the preferred sequence of a hammerhead ribozyme 

20 in a 5'- to ^-direction of the catalytic core is CUGANGAG[base paired 
withJCGAAA. In this invention, the use of 2'-C-alkyl substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in Figure 81 are 

25 possible, and were indeed synthesized, the basic structure composed of 
promarily 2'-OMe nucleotides weth selected substitutions was chosen to 
maintain maximal catalytic activity (Yang et al. Biochemistry 1992, 31, 
5005-5009 and Paolella et al , EMBO J. 1992, 11, 1913-1919) and ease 
of synthesis, but is not limiting to this invention. 

30 Ribozymes from Figure 80 and Table 45 were synthesized and 

assayed for catalytic activity and nuclease resistance. With the exception 
of entries 8 and 17, all of the modified ribozymes retained at lease 1/10 of 
the wild-type catalytic activity. From Table 45, all ^-modified ribozymes 
showed very large and significant increases in stability in human serum 

35 (shown) and in the other fluids described below (Example 55, data not 
shown). The order of most agressive nuclease activity was fetal bovine 
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serum, > human serum >human plasma > human synovial fluid. As an 
overall measure of the effect of these 2'-substitutions on stability and 
activity, a ratio 6 was calculated (Table 45). This (3 value indicated that all 
modified ribozymes tested had significant. >100 - >1700 fold, increases in 
5 overall stability and activity. These increases in 8 indicate that the lifetime 
of these modified ribozymes in vivo are significantly increased which 
should lead to a more pronounced biological effect. 

More general substitutions of the 2'-modified nucleotides from Figure 
81 also increased the ti/2 of the resulting modified ribozymes. 
10 However the catalytic activity of these ribozymes was 
decreased > 10-fold. 

In Figure 86 compound 37 may be used as a general 
intermediate to prepare derivatized 2'C-alkyl phosphoramidites, 
where X is CH3, or an alkyl, or other group described above. 

15 The following are non-limiting examples showing the synthesis of 

nucleic acids using 2'-Oalkyl substituted phosphoramidites, the syntheses 
of the amidites, their testing for enzymatic activity and nuclease resistance. 

Example 53: Synthesis of H ammerhead Ribozvmfls Containing 2'-Deoxy- 
2'-Alkvlnucleotides & Other 2'-Modified Nucleotides 

20 The method of synthesis used generally follows the procedure for 

normal RNA synthesis as described in Usman.N.; Ogilvie.K.K.; Jiang,M.-Y.; 
Cedergren.R.J. J. Am. Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe,S.A.; Franklyn.C; Usman.N. Nucleic Acids Res. 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 

25 groups, such as dimethoxytrityl at the 5-end, and phosphoramidites at the 
3'-end (compounds 10, 12, 17, 22, 31, 18, 26, 32, 36 and 38). Other 
2'-modified phosphoramidites were prepared according to: 3 & 4, Eckstein 
et at. International Publication No. WO 92/07065; and 5 Kois ef a/. 
Nucleosides & Nucleotides 1993, 12, 1093-1109. The average stepwise 

30 coupling yields were -98%. The 2'-substituted phosphoramidites were 
incorporated into hammerhead ribozymes as shown in Figure 80. 
However, these 2'-alkyl substituted phosphoramidites may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group I or Group II intron catalytic nucleic acids, or into antisense 
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oligonucleotides. They are, therefore, of general use in any nucleic acid 
structure. 

Example 54: Ribozvme Activity Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5'- 
5 end labeled ribozymes (~36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 mM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
concentrations were - 1 nM. Total reaction volumes were 50 ml_. The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCfc. Reactions were 
10 initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
mL were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each time 
point was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
performed using a phosphorimager (Molecular Dynamics). 

15 Example 55: Stability Assay 

500 pmol of gel-purified 5'-end-labeled ribozymes were precipitated 
in ethanol and pelleted by centrifugation. Each pellet was resuspended In 
20 mL of appropriate fluid (human serum, human plasma, human synovial 
fluid or fetal bovine serum) by vortexing for 20 s at room temperature. The 

20 samples were placed into a 37 °C incubator and 2 mL aliquots were 
withdrawn after incubation for 0, 15, 30, 45, 60, 120, 240 and 480 m. 
Aliquots were added to 20 mL of a solution containing 95% formamide and 
0.5X TBE (50 mM Tris, 50 mM borate, 1 mM EDTA) to quench further 
nuclease activity and the samples were frozen until loading onto gels. 

25 Ribozymes were size-fractionated by electrophoresis in 20% 
acrylamide/8M urea gels. The amount of intact ribozyme at each time point 
was quantified by scanning the bands with a phosphorimager (Molecular 
Dynamics) and the half-life of each ribozyme in the fluids was determined 
by plotting the percent intact ribozyme vs the time of incubation and 

30 extrapolation from the graph. 

Example 56: 3'.5'-0-(Tetraisopropvl-disilr> xane-1 .S-diyn^'-O-PhBH nYythirv. 
carbonvl-Uridine (7) 

To a stirred solution of 3\5'-0-(tetraisopropyl-disiloxane-1,3-diyl)- 
uridine, 6, (15.1 g, 31 mmol, synthesized according to Nucleic Acid 
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Chemistry, ed. Leroy Townsend, 1986 pp. 229-231) and dimethylamino- 
pyridine (7.57 g, 62 mmol) a solution of phenylchlorothionoformate (5.15 
mL, 37.2 mmol) in 50 mL of acetonitrile was added dropwise and the 
reaction stirred for 8 h. TLC (EtOAcrhexanes / 1:1) showed disappearance 
5 of the starting material. The reaction mixture was evaporated, the residue 
dissolved in chloroform, washed with water and brine, the organic layer 
was dried over sodium sulfate, filtered and evaporated to dryness. The 
residue was purified by flash chromatography on silica gel with 
EtOAcrhexanes / 2:1 as eluent to give 16.44 g (85%) of 7. 

10 Example 57: S'.S'-O-fTetraisopropyl-disiloxane^l.S^divh^'-C-Allvl -Uridine 

To a refluxing, under argon, solution of 3\5'-0-(tetraisopropyl- 
disiloxane-I.S-diyO-Z-Ophenoxythiocarbonyl-uridine, 7, (5 g, 8.03 mmol) 
and allyitributyltin (12.3 mL, 40.15 mmol) in dry toluene, benzoyl peroxide 
15 (0.5 g) was added portionwise during 1 h. The resulting mixture was 
allowed to reflux under argon for an additional 7-8 h. The reaction was 
then evaporated and the product 8 purified by flash chromatography on 
silica gel with EtOAc:hexanes / 1:3 as eluent. Yield 2.82 g (68.7%). 

Example 58: S'-O-Dimethoxvtrityl^G-AlM-Uridine ($\ 

20 A solution of 8 (1.25 g ( 2.45 mmol) in 10 mL of dry tetrahydrofuran 

(THF) was treated with a 1 M solution of tetrabutylammoniumfluoride in 
THF (3.7 mL) for 10 m at room temperature. The resulting mixture was 
evaporated, the residue was loaded onto a silica gel column, washed with 
1 L of chloroform, and the desired deprotected compound was eluted with 

25 chloroform:methanoI / 9:1. Appropriate fractions were combined, solvents 
removed by evaporation, and the residue was dried by coevaporation with 
dry pyridine. The oily residue was redissolved in dry pyridine, 
dimethoxytritylchloride (1.2 eq) was added and the reaction mixture was 
left under anhydrous conditions overnight. The reaction was quenched 

30 with methanol (20 mL), evaporated, dissolved in chloroform, washed with 
5% aq. sodium bicarbonate and brine. The organic layer was dried over 
sodium sulfate and evaporated. The residue was purified by flash 
chromatography on silica gel, EtOAc:hexanes / 1:1 as eluent, to give 0.85 g 
(57%) of 9 as a white foam. 
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Example 59: S'-^Dimethoxvtritvl^'-^AIlvl-Uridine 3W2-Cvanoethvl N.N- 
diisopropvlphosphoramidite) (10) 

S'-O-Dimethoxytrityl^^C-allyl-uridine (0.64 g, 1.12 mmol) was 
dissolved in dry dichloromethane under dry argon. A/,A/-Diisopropylethyl- 
5 amine (0.39 mL t 2.24 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/ # A/-diisopropylchlorophosphoramidite (0.35 mL, 1.57 mmol) 
was added drdpwise to the stirred reaction solution and stirring was 
continued for 2 h at RT. The reaction mixture was then ice-cooled and 
quenched with 12 mL of dry methanol. After stirring for 5 m, the mixture 
1 0 was concentrated in vacuo (40 °C) and purified by flash chromatography 
on silica gel using a gradient of 10-60% EtOAc in hexanes containing 1% 
triethylamine mixture as eluent. Yield: 0.78 g (90%), white foam. 

Example 60: 3\5 , -Q-rretraisopropvl-disilo xane-1 
Acetvl-Cvtidine (11) 

15 Triethylamine (6.35 mL, 45.55 mmol) was added dropwise to a stirred 

ice-cooled mixture of 1 ,2,4-triazole (5.66 g, 81.99 mmol) and phosphorous 
oxychloride (0.86 mL, 9.1 1 mmol) in 50 mL of anhydrous acetonitrile. To 
the resulting suspension a solution of 3',5'-0-(tetraisopropyl-disiloxane- 
I.S-diylJ-^-C-allyl uridine (2.32 g, 4.55 mmol) in 30 mL of acetonitrile was 

20 added dropwise and the reaction mixture was stirred for 4 h at room 
temperature. The reaction was concentrated in vacuo to a minimal volume 
(not to dryness). The residue was dissolved in chloroform and washed with 
water, saturated aq. sodium bicarbonate and brine. The organic layer was 
dried over sodium sulfate and the solvent was removed in vacuo. The 

25 resulting foam was dissolved in 50 mL of 1,4-dioxane and treated with 29% 
aq. NH4OH overnight at room temperature. TLC (chloroform:methanol / 
9:1) showed complete conversion of the starting material. The solution was 
evaporated, dried by coevaporation with anhydrous pyridine and 
acetylated with acetic anhydride (0.52 mL, 5.46 mmol) in pyridine 

30 overnight. The reaction mixture was quenched with methanol, evaporated, 
the residue was dissolved in chloroform, washed with sodium bicarbonate 
and brine. The organic layer was dried over sodium sulfate, evaporated to 
dryness and purified by flash chromatography on silica gel (3% MeOH in 
chloroform). Yield 2.3 g (90%) as a white foam. 
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Example 61: S'^Dimethoxvtritvl^^AIM ^-AcetvNCvtidinQ 

This compound was obtained analogously to the uridine derivative 9 
in 55% yield. 

Example 62: S-aDimethoxvtriWl^'-C^allyl-A/l-Acetvl-Cvtidine 3'-(2- 
5 Cvanoethvl /V./V-diisopropylphosphoramidite) (12) 

2 , -0-Dimethoxytrityl-2 , -C-allyl-W4-acetyl cytidine (0.8 g t 1.31 mmol) 
was dissolved in dry dichloromethane under argon. tyA^Diisopropylethyl- 
amine (0.46 mL, 2.62 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/,A/-diisopropylchlorophosphoramidite (0.38 mL, 1.7 mmol) 

10 was added dropwise to a stirred reaction solution and stirring was 
continued for 2 h at room temperature. The reaction mixture was then ice- 
cooled and quenched with 12 mL of dry methanol. After stirring for 5 m, the 
mixture was concentrated in vacuo (40 °C) and purified by flash 
chromatography on silica gel using chloroform:ethanol / 98:2 with 2% 

15 triethylamine mixture as eluent. Yield: 0.91 g (85%), white foam: 

Example 63: 2'-Deoxv-2'-Methvlene-Uridine 

2'-Deoxy-2 , -methylene-3 , ,5'-0-(tetraisopropyIdisiloxane-1,3-diyl)- 
uridine 14 (Hansske.F.; Madej.D.; Robins.M. J. Tetrahedron 1984, 40, 125 
and MatsudaA; Takenuki.K.; Tanaka.S.; Sasaki,!".; Ueda.T. J. Med. Chem. 
20 1991, 34, 812) (2.2 g, 4.55 mmol ) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (10 mL) for 20 m and concentrated Jn vacuo. The 
residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2'-methylene-uridine (1.0 g, 3.3 mmol, 72.5%) 
was eluted with 20% MeOH in CH 2 CI 2 . ' 

25 Example 64: S'-O-DMT-g- Deoxv-g-Methvlene-Uridinft (is) 

2'-Deoxy-2'-methylene-uridine (0.91 g, 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI in pyridine (10 mL) was added 
dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
30 concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCOa, water and brine. The organic extracts were 
dried over MgS04, concentrated in vacuo and purified over a silica gel 
column using EtOAc:hexanes as eluant to yield 15 (0.43 g, 0.79 mmol, 
22%). 
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Example 65: 5'-0-DMT-2'-Deoxv-2'-Methylene-Uridine 3'-(2-Cvanoethyl 
W/V-diisopropylphosphoramidite) (17) 

l^a'-Deoxy^'-methylene-S'-Odimethoxytrityl-p-D-ribofuranosyl)- 
uracil (0.43 g, 0.8 mmol) dissolved in dry CH2CI2 (15 mL) was placed in a 
5 round-bottom flask under Ar. Diisopropylethylamine (0.28 mL, 1.6 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl A/,/V-diiso- 
propylchlorophosphoramidite (0.25 mL, 1.12 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.3 g, 0.4 
1 0 mmol, 50%) was purified by flash column chromatography over silica gel 
using a 25-70% EtOAc gradient in hexanes, containing 1% triethylamine, 
as eluant. Rf 0.42 (CH2CI2: MeOH / 15:1) 

Example 66: 2'-Deoxv-2 , -Difluoromethvlene- 3'.5 , -0-rrfltr a i«;o D roD V |disilox- 
ane-1 .3-diyO-Uridine 

15 2'-Keto-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)uridine 14 (1.92 g, 

12.6 mmol) and triphenylphosphine (2.5 g, 9.25 mmol) were dissolved in 
diglyme (20 mL), and heated to a bath temperature of 160 °C. A warm (60 
°C) solution of sodium chlorodifluoroacetate in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 

20 resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2'- 
Deoxy^'-difluoromethylene-S'.S'-O-ttetraisopropyldisiloxane-I.S-diyl)- 
uridine (3.1 g, 5.9 mmol, 70%) eluted with 25% hexanes in EtOAc. 

Example 67: 2'-Deoxv-2'- Difluoromethvlen6-Uridinft 

25 2 , -Deoxy-2 , -methylene-3 , ,5 , -0(tetraisopropyldisiIoxane-1 ,3-diyl)- 

uridine (3.1 g, 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 
^-Deoxy-a'-difluoromethylene-uridine (1.1 g, 4.0 mmol, 68%) was eluted 

30 with 20% MeOH in CH2CI2. 

Example 68: S'-O-DMT^'.Deoxv.g'. Difluoromflthylene-Uririinft 

2 , -Deoxy-2*-difluoromethylene-uridine (1.1 g, 4.0 mmol) was 
dissolved in pyridine (10 mL) and a solution of DMT-CI (1.42 g, 4.18 mmol) 
in pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
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was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHC0 3l water and brine. The 
organic extracts were dried over MgS0 4 , concentrated in vacuo and 
5 purified over a silica gel column using 40% EtOAc:hexanes as eluant to 
yield S'-O-DMT-^-deoxy^'-difluoromethylene-uridine 16 (1.05 g, 1.8 
mmol, 45%). 

Example 69: S'-O-DMT^'-Deoxv- g'-Difluoromfithvlene-nririinB 
Cvanoethvl WAldiisopropvlphosphoramidit^ 

1 0 1 -(2 , -Deoxy-2 , -difluoromethylene-5'-0-dimethoxytrityl-p-D-ribof urano- 

syl)-uracil (0.577 g, 1 mmol) dissolved in dry CH 2 CI 2 (15 mL) was placed in 
a round-bottom flask under Ar. Diisopropylethylamine (0.36 mL, 2 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl A/,/V-diiso- 
propylchlorophosphoramidite (0.44 mL, 1.4 mmol). The reaction mixture 

1 5 was stirred for 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.404 g, 0.52 
mmol, 52%) was purified by flash chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.48 (CH 2 CI 2 : MeOH/ 15:1). 

20 Example 70; 2'-Deoxv-2'-Methvlene-3'.5 > -0.fT ft traisoDr 0 nvlrii R ilny a no.i 3. 
divn-4-/V-Acetvl-Cvtidine 20 

Triethylamine (4.8 mL, 34 mmol) was added to a solution of POCI3 
(0.65 mL, 6.8 mmol) and 1,2,4-triazole (2.1 g, 30.6 mmol) in acetonitrile (20 
mL) at 0 °C. A solution of 2 , -deoxy-2*-methylene-3\5 , -0-(tetraisopropyldi- 

25 siloxane-1,3-diyl) uridine 19 (1.65 g, 3.4 mmol) in acetonitrile (20 mL) was 
added dropwise to the above reaction mixture and left to stir at room 
temperature for 4 h. The mixture was concentrated in vacuo, dissolved in 
CH 2 CI 2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
organic extracts were dried over Na 2 S0 4 concentrated in vacuo, dissolved 

30 in dioxane (10 mL) and aq. ammonia (20 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (3 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 
NaHCOa (5 mL). The mixture was concentrated in vacuo, dissolved in 

35 CH 2 CI 2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 



WO 95/23225 



PCT/1B95/00156 



132 

organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel. Z-Deoxy^'-methylene-S'.S'-O- 
(tetraisopropyldisiloxane-1,3-diyl)-4-A/-acetyl-cytidine 20 (1.3 g, 2.5 mmol, 
73%) was eluted with 20% EtOAc in hexanes. 

5 Example 71: l-fy-Deoxv^'-Methvlene-S'-O-Dimfithn xvtritvl-p-D-riho- 
furanosyl)-4-/V-Acetyl-0ytosine 21 

2'-Deoxy-2 , -methylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-4-/V- 
acetyl-cytidine 20 (1.3 g, 2.5 mmol) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The 

10 residue was triturated with petroleum ether and chromatographed on silica 
gel column. 2*-Deoxy-2'-methylene-4-/v-acetyl-cytidine (0.56 g, 1.99 mmol, 
80%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'-methylene-4-/V- 
acetyl-cytidine (0.56 g, 1.99 mmol) was dissolved in pyridine (10 mL) and a 
solution of DMT-CI (0.81 g, 2.4 mmol) in pyridine (10 mL) was added 

1 5 dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHC0 3 (50 mL), water (50 mL) and brine (50 mL). The 
organic extracts were dried over MgS0 4 , concentrated in vacuo and 

20 purified over a silica gel column using EtOAcrhexanes / 60:40 as eluant to 
yield 21 (0.88 g, 1.5 mmol, 75%). 

Example 72: l-^'-Deoxv^' -Methvlene-S'-O-Dimethoxvtritvl-p-n-rihn- 
furanosvn-4-/V-Acetvt-Cvtosine 3'-t2.Cv anoethvl-A/ AZ-diisopropylphnsphnr. 
amiditel (22) 

25 1-(2'-Deoxy-2 , -methylene-5*-0-dimethoxytiityl-p-D-ribofuranosyl)-4^/V- 
acetyl-cytosine 21 (0.88 g, 1.5 mmol) dissolved in dry CH 2 CI 2 (10 mL) was 
placed in a round-bottom flask under Ar. Diisopropylethylamine (0.8 mL, 
4.5 mmol) was added, followed by the dropwise addition of 2-cyanoethyl 
/V,/V-diisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The reaction 

30 mixture was stirred 2 h at room temperature and quenched with ethanol (1 
mL). After 10 m the mixture evaporated to a syrup in vacuo (40 °C). The 
product 22 (0.82 g, 1.04 mmol, 69%) was purified by flash chromatography 
over silica gel using 50-70% EtOAc gradient in hexanes, containing 1% 
triethylamine, as eluant. Rf 0.36 (CH2CI 2 :MeOH/ 20:1). 
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Example 73: 2 , -Deoxy-2'-Difluoromethylene-3 , .5'-0-fTetraisopropyl 
disiloxane-1 .3-diyh-4-A/-Acetyl-Cvtidine (24) 

Et3N (6.9 mL, 50 mmol) was added to a solution of POCI3 (0.94 ml_, 
10 mmol) and 1 ,2,4-triazole (3.1 g, 45 mmol) in aceton'rtrile (20 mL) at 0 °C. 
5 A solution of 2 , -deoxy-2'-difluoromethylene-3',5 , -0-(tetraisopropyldisilox- 
ane-1,3-diyl)uridine 23 ([described in example 14] 2.6 g, 5 mmol) in 
acetonitrile (20 mL) was added dropwise to the above reaction mixture and 
left to stir at RT for 4 h. The mixture was concentrated in vacuo, dissolved 
In CH2CI2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 

1 0 organic extracts were dried over Na2S04 concentrated in vacuo, dissolved 
in dioxane (20 mL) and aq. ammonia (30 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (5 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 

15 NaHC03 (5mL). The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
organic extracts were dried over Na2SC>4, concentrated in vacuo and the 
residue chromatographed over silica gel. 2'-Deoxy-2*-difluoromethylene- 
3 , ,5*-0-(tetraisopropyldisiloxane-1,3-diyl)-4-A/-acetyl-cytidine 24 (2.2 g, 3.9 

20 mmol, 78%) was eluted with 20% EtOAc in hexanes. 

Example 74: 1 -r 2'-Deoxv-2'-Difluoromethvlene-5'-n-DimethQxvtrityl-p.p. 
ribofuranosvn.4-A/-Acetvl-Cvtosine t25\ 

2 , -Deoxy-2*-difluoromethylene-3',5 , -0-(tetraisopropyldisiloxane-1,3- 
diyl)-4-/V-acetyl-cytidine 24 (2.2 g. 3.9 mmol) dissolved in THF (20 mL) was 

25 treated with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2*-Deoxy-2'-difluoromethylene-4-/V-acetyl-cytidine (0.89 
g, 2.8 mmol, 72%) was eluted with 10% MeOH in CH 2 CI 2 . 2'-Deoxy-2'- 
difluoromethylene-4-A/-acetyl-cytidine (0.89 g, 2.8 mmol) was dissolved in 

30 pyridine (10 mL) and a solution of DMT-CI (1.03 g, 3.1 mmol) in pyridine 
(10 mL) was added dropwise over 15 m. The resulting mixture was stirred 
at RT for 12 h and MeOH (2 mL) was added to quench the reaction. The 
mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat. NaHC0 3 (50 mL), water (50 mL) and brine 

35 (50 mL). The organic extracts were dried over MgS0 4 , concentrated in 
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vacuo and purified over a silica gel column using EtOAc:hexanes / 60:40 
as eluant to yield 25 (1 .2 g, 1 .9 mmol, 68%). 

Example 75: 1-f2'-Deoxv-2'-Difluoromethvlene-5'-0-Dimethoxytritvl-p -n. 
ribofuranosvlM-/V-Acetvlcvtosine 3'-(2-cvanoethvl-N.N-diiso p ropy|phos- 
5 phoramidite) (26) 

1-(2'-Deoxy-2'-difluoromethylene-5 , -0-dimethoxytrityl-p-D-ribofurano- 
syl)-4-/V-acetylcytosine 25 (0.6 g, 0.97 mmol) dissolved in dry CH 2 CI 2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 
(0.5 mL, 2.9 mmol) was added, followed by the dropwise addition of 2- 

10 cyanoethyl A/,A/-diisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). The 
product 26, a white foam (0.52 g, 0.63 mmol, 65%) was purified by flash 
chromatography over silica gel using 30-70% EtOAc gradient in hexanes, 

1 5 containing 1 % triethylamine, as eluant. Rf 0.48 (CHaCfejMeOH / 20:1 ). 

Example 76: 2'-Keto-3 , .5 , -Q-fT etr aisopropvldisiloxane-1 .3-riivn-6-A/-(4-f- 
Butvlbenzoyn-Adenosine (28) 

Acetic anhydride (4.6 mL) was added to a solution of 3',5'-£>(tetraiso- 
propyldisiloxane-1,3-diyl)-6-/V-(4-f-butylbenzoyl)-adenosine (Brown, J.; 

20 Christodolou, C; Jones.S.; Modak,A.; Reese.C; Sibanda.S.; Ubasawa A. 
J. Chem .Soc. Perkin Trans. /1989, 1735) (6.2 g, 9.2 mmol) in DMSO (37 
mL) and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc 
and washed with water. The organic layer was dried over MgS04 and 

25 concentrated in vacuo. The residue was purified on a silica gel column to 

yield 2 , -keto-3',5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-f-butylben- 
zoyl)-adenosine 28 (4.8 g, 7.2 mmol, 78%). 

Example 77; 2'-Peoxv-2'-methvlene-3'.5 , -Q-n-etrai SO Dmnvlrii R iinv a no-i 
divn-6-/V-f4-f -Butvlbenzovl)-Adenosine ( 2< fl 

30 Under a pressure of argon, sec-butyllHhium in hexanes (1 1 .2 mL, 14.6 

mmol) was added to a suspension of triphenylmethylphosphonium iodide 
(7.07 g,17.5 mmol) in THF (25 mL) cooled at -78 °C. The homogeneous 
orange solution was allowed to warm to -30 °C and a solution of 2'-keto- 
3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine 
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28 (4.87 g, 7.3 mmol) in THF (25 mL) was transferred to this mixture under 
argon pressure. After warming to RT, stirring was continued for 24 h. THF 
was evaporated and replaced by CH2CI2 (250 mL), water was added (20 
mL), and the solution was neutralized with a cooled solution of 2% HCI. 
5 The organic layer was washed with H 2 0 (20 mL), 5% aqueous NaHC0 3 
(20 mL), H2O to neutrality, and brine (10 mL). After drying (Na 2 S0 4 ), the 
solvent was evaporated in vacuo to give the crude compound, which was 
chromatographed on a silica gel column. Elution with light petroleum 
ethenEtOAc / 7:3 afforded pure 2'-deoxy-2'-methylene-3',5 , -0-(tetraiso- 
10 propyldisiloxane-1,3-diyl)-6-W-(4^butylbenzoyl)-adenosine 29 (3.86 g, 5.8 
mmol, 79%). 

Example 78: 2 , -Deoxv-2 , -Met hvlene-6-/V-r4-f-Butvlbenzovn-AdfinnsinP 

2'-Deoxy-2 , -methylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-A^ 
(4-f-butylbenzoyl)-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) 
15 was treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated in 
vacuo. The residue was triturated with petroleum ether and 
chromatographed on a silica gel column. 2 , -Deoxy-2*-methylene-6-/v*-(4-f- 
butylbenzoyl)-adenosine (1.8 g, 4.3 mmol, 74%) was eluted with 10% 
MeOH in CH 2 CI 2 . 

20 Example 79: 5 , -Q-DMT-2 , -Deoxv-2'-Methvlene-6-yV-r4-/-Butvlben7ovn- 
Adenosine (29) 

2"-Deoxy-2'-methylene-6-/V-(4-f-butylbenzoyl)-adenosine (0.75 g, 
1.77 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.66 g, 1.98 mmo|) in pyridine (10 mL} was added dropwise over 15 m. 

25 The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was 
added to quench the reaction. The mixture was concentrated in vacuo and 
the residue taken up in CH 2 CI 2 (100 mL) and washed with sat; NaHC0 3 , 
water and brine. The organic extracts were dried over MgSC>4, 
concentrated in vacuo and purified over a silica gel column using 50% 

30 EtOAc:hexanes as an eluant to yield 29 (0.81 g, 1.1 mmol, 62%). 

Example 80: 5'-0-DMT-2 , . Deoxv-2'-Meth V lene,fi-A/.^fcButvlbBn7nyl). 
Adenosine 3W2.Cvanoethvl A/- /V-diisopropylphospho r flmiHit ft ) fai) 

1-(2 , -Deoxy-2 , -methylene-5 , -0-dimethoxytrityl-B-D-ribofuranosyl)-6-/\A- 
(4-r-butylbenzoyl)-adenine 29 dissolved in dry CH 2 CI 2 (15 mL) was placed 
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in a round bottom flask under Ar. Diisopropylethylamine was added, 
followed by the dropwise addition of 2-cyanoethyl N,N- 
diisopropylchlorophosphoramidite. The reaction mixture was stirred 2 h at 
RT and quenched with ethanol (1 mL). After 10 m the mixture was 
5 evaporated to a syrup in vacuo (40 °C). The product was purified by flash 
chromatography over silica gel using 30-50% EtOAc gradient in hexanes, 
containing 1% triethylamine, as eluant (0.7 g, 0.76 mmol, 68%). Rf 0.45 
(CH 2 CI 2 :MeOH/20:1) 

Example 81 : 2 , -Deoxv-2'-Difluoromethvlene-3'.5'-0-rrfitr a isoDroovldisilox- 
10 ane-1.3-divlV6-/v-/4-t-Butvl benzovn-Adenosine 

2 , -Keto-3\5'-0-(tetraisopropyldisiloxane^1 ,3-diyl)-6-A/^(4-f-butyl- 
benzoyl)-adenosine 28 (6.7 g, 10 mmol) and triphenylphosphine (2.9 g, 11 
mmol ) were dissolved in diglyme (20 mL), and heated to a bath 
temperature of 160 °C. A warm (60 °C) solution of sodium 
15 chlorodifluoroacetate (2.3 g, 15 mmol) in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of ~1 h. The 
resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2*- 

Deoxy^'-difluoromethylene-S'.S'-O-^etraisopropyldisiloxane-I.S-diyO-e-A/- 
20 (4-f-butylbenzoyl)-adenosine (4.1g, 6.4 mmol, 64%) eluted with 15% 
hexanes in EtOAc. 

Example 82: 2VDeoxv-2 , -Difluor omethvlene-6-/V-(4-f-ButvlhPn7nyl). 
Adenosine 

2 , -Deoxy-2 , -difluoromethylene-3',5'-0-(tetraisopropyldisiloxane-1 ,3- 
25 diyl)-6-A/-(4-f-butylbenzoyl)-adenosine (4.1 g, 6.4 mmol) dissolved in THF 
(20 mL) was treated with 1 M TBAF in THF (10 mL) for 20 m and 
concentrated in vacuo. The residue was triturated with petroleum ether 
and chromatographed on a silica gel column. 2'-Deoxy-2'-difluoromethyl- 
ene-6-/V-(4-f-butylbenzoyl)-adenosine (2.3 g, 4.9 mmol, 77%) was eluted 
30 with 20% MeOH in CH 2 CI 2 . 

Example 83: 5 , -0-DMT-2'.Deoxv-? , - Diflu Q mmP.th v lene-6-/^f4-f-R.tty i- 
benzoy|)-Adenosine (30) 

2 , -Deoxy-2'-difluoromethylene-6-A/-(4-f-butylbenzoyl)-adenosine (2.3 
g. 4.9 mmol) was dissolved in pyridine (1 0 mL) and a solution of DMT-CI in 
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pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHC03, water and brine. The 
5 organic extracts were dried over MgS0 4 , concentrated in vacuo and 
purified over a silica gel column using 50% EtOAc:hexanes as eluant to 
yield 30 (2.6 g, 3.41 mmol, 69%). 

Example 84: 5'-0-DMT-2 , ~Deoxv- 2 , -DifluorQmftthvlene-6-AA.(4.f.Riif Y |- 
benzovh-Adenosine 3'-(2-Cvanoethvl N. A *-diisonropylphosphoramidHft\ 
10 (321 

1-(2 , -Deoxy-2'-difluoromethylene-5 , -0-dimethoxytrityl-p-D-ribofurano- 
syl)-6-A/-(4-f-butylbenzoyl)-adenine 30 (2.6 g, 3.4 mmol) dissolved in dry 
CH2CI2 (25 mL) was placed in a round bottom flask under Ar. 
Diisoprppylethylamine (1.2 mL, 6.8 mmol) was added, followed by the 

15 dropwise addition of 2-cyanoethyl tyN-diisopropylchlorophosphoramidite 
(1.06 mL, 4.76 mmol). The reaction mixture was stirred 2 h at RT and 
quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 °C). 32 (2.3 g, 2.4 mmol, 70%) was purified by flash 
column chromatography over silica gel using 20-50% EtOAc gradient in 

20 hexanes, containing 1% triethylamine, as eluant. Rf 0.52 (CH2CI2: MeOH / 
15:1). 

Example 85; 2'-Deoxv-2^MethoxvcarbonvlmethvliHi ne-3 , .5 , -0-rrfltr fl i g n- 
propvldisiloxane-1 .3-divn-Uridine (33) 

Methyl(triphenylphosphoranylidine)acetate (5.4 g,. 16 mmol) was 
25 added to a solution of 2'-keto-3',5 -0-(tetraisopropyl disiloxane-1 ,3-diyl)- 
uridine 14 in CH2CI2 under argon. The mixture was left to stir at RT for 30 
h. CH2CM2 (100 mL) and water were added (20 mL), and the solution was 
neutralized with a cooled solution of 2% HCI. The organic layer was 
washed with H 2 0 (20 mL), 5% aq. NaHC03 (20 mL), H 2 0 to neutrality, and 
30 brine (10 mL). After drying (Na 2 S0 4 ). the solvent was evaporated in vacuo 
to give crude product, that was chromatographed on a silica gel column. 
Elution with light petroleum ethenEtOAc / 7:3 afforded pure 2*-deoxy-2'- 

methoxycarbonylmethylidine-3',5 , -0-(tetraisopropyldisiloxane-1,3-diyl)- 
uridine 33 (5.8 g, 10.8 mmol, 67.5%). 
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Example 86: 2'-Deoxv-2'-Methoxvcarbonvlmethvlidine-Uridine (34j 

Et3N»3 HF (3 mL) was added to a solution of 2'-deoxy-2'-methoxy- 
carboxylmethylidine-S'.S'-O-Oetraisopropyldisiloxane-l.a-diyO-uridine 33 
(5 g, 9.3 mmol) dissolved in CH2CI2 (20 mL) and Et3N (15 mL). The 
5 resulting mixture was evaporated in vacuo after 1 h and chromatographed 
on a silica gel column eluting 2'-deoxy-2'-methoxycarbonylmethylidine- 
uridine 34 (2.4 g, 8 mmol, 86%) with THF:CH 2 Cl2 / 4:1 . 

Example 87: S'-O- DMT^'-Deoxv^'-Methoxvcarbonvlmethvlidine-Uridine 
(25) 

10 2 , -Deoxy-2'-methoxycarbonylmethylidine-uridine 34 (1.2 g, 4.02 
mmol) was dissolved in pyridine (20 mL). A solution of DMT-CI (1 .5 g, 4.42 
mmol) in pyridine (10 mL) was added drbpwise over 15 m. The resulting 
mixture was stirred at RT for 12 h arid MeOH (2 mL) was added to quench 
the reaction. The mixture was concentrated in vacuo and the residue taken 

15 up in CH2CI2 (100 mL) and washed with sat. NaHC03, water and brine. 
The organic extracts were dried over MgSCU, concentrated in vacuo and 
purified over a silica gel column using 2-5% MeOH in CH2CI2 as an eluant 
to yield S-O-DMT^'-deoxy^'-methoxycarbonylmethylidine-uridine 35 
(2.03 g, 3.46 mmol, 86%). 

20 Example 88; S'-O-DMT-^-Deoxy^'-Methoxvcarbonvlmethvlidine-Uridine 
3'-f2-cvanoethvl-A/.A/-diisoDropvlphosph oramidite^ (36^ 

1-(2'-Deoxy-2'-2 , -methoxycarbonylmethylidine-5'-0-dimethoxytrityl-B- 
D-ribofuranosyl)-uridine 35 (2.0 g, 3.4 mmol) dissolved in dry CH2CI2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 

25 (1.2 mL, 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl /V./V-diisopropylchlorophosphoramidite (0.91 mL, 4.08 mmol). 
The reaction mixture was stirred 2 h at RT and quenched with ethanol (1 
mL). After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). 
5'-0-DMT-2'-deoxy-2 , -methoxycafbonylmethylidine-uridine 3'-(2- 

30 cyanoethyl-A/./V-diisopropylphosphoramidite) 36 (1.8 g, 2.3 mmol, 67%) 
was purified by flash column chromatography over silica gel using a 30- 
60% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.44 (CH 2 CI 2 :MeOH / 9.5:0.5). 
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Example 89: 2'-Peoxv-2'-Carboxvmethvlidine-3'.5'-OfTetraisopropvidi- 
siloxane-1.3-divn-Uridine 37 

2 , -Deoxy-2'-methoxycarbonylmethylidine-3 , ,5'-0-(tetraisopropyldi- 
siloxane-1,3-diyl)-uridine 33 (5.0 g, 10.8 mmol) was dissolved in MeOH 
5 (50 mL) and 1 N NaOH solution (50 mL) was added to the stirred solution 
at RT. The mixture was stirred for 2 h and MeOH removed in vacuo. The 
pH of the aqueous layer was adjusted to 4.5 with 1N HCI solution, 
extracted with EtOAc (2 x 100 mL), washed with brine, dried over MgS0 4 
and concentrated In vacuo to yield the crude acid. 2'-Deoxy-2'- 
1 0 carboxymethylidine-3\5'-0-(tetraisopropyldisiloxane-1 ,3-diyl)-uridine 37 
(4.2 g, 7.8 mmol, 73%) was purified on a silica gel column using a gradient 
of 10-15% MeOH in CH 2 CI 2 . 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
15 or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et al. PCT WO 94/02595. 

Oligonucle otides with 3' and/or 5' Dihalophosp hnnatP 

20 This invention synthesis and uses 3' and/or 5' dihalophosphonate-, 

e.g., 3' or 5'-CF 2 -phosphonate-, substituted nucleotides that maintain or 
enhance the catalytic activity and/or nuclease resistance of an enzymatic or 
antisense molecule. 

As the term is used in this application, 5'- and/or 3'- 
25 dihalophosphonate nucleotide containing ribozymes, deoxyribozymes (see 
Usman et al., PCT/US94/11649, incorporated by reference herein), and 
chimeras of nucleotides, are catalytic nucleic molecules that contain 5*- 
and/or 3'-dihalophosphonate nucleotide components replacing, but not 
limited to, double-stranded stems, single-stranded "catalytic core" 
30 sequences, single-stranded loops or single-stranded recognition 
sequences. These molecules are able to cleave (preferably, repeatedly 
cleave) separate RNA or DNA molecules in a nucleotide base sequence 
specific manner. Such catalytic nucleic acids can also act to cleave 
intramolecularly if that is desired. Such enzymatic molecules can be 
35 targeted to virtually any RNA or DNA transcript. This invention concerns 
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nucleic acids formed of standard nucleotides or modified nucleotides, 
which also contain at least one S'-dihalophosphonate and/or one 3*- 
dihalophosphonate group. 

The synthesis of 1-0-Ac-2,3-di-0-Bz-D-ribofuranose 5-d- 
5 5+dihalomethylphosphonate in three steps from 1-0-methyl-2,3-0- 
isopropylidene-B-D-ribofuranose 5-deoxy-5-dihaIomethyIphosphonate is 
described (e.g., for the difluoro, in Figure 87). Condensation of this suitably 
derivatized sugar with silylated pyrimidines and purines affords novel 
nucleoside S'-deoxy-S'-dihalomethylphosphonates. These intermediates 

1 0 may be incorporated into catalytic or antisense nucleic acids by either 
chemical (conversion of the nucleoside S'-deoxy-S'- 
dihalomethylphosphonates into suitably protected phosphoramidites 12a 
or solid supports 12b, e.g., Figure 88) or enzymatic means (conversion of 
the nucleoside 5'-deoxy-5'-dihalomethylphosphonates into their 

1 5 triphosphates, e.g., 14 Figure 89, for T7 transcription). 

Thus, in one aspect the invention features 5* and/or 3'- 
dihalonucleotides and nucleic acids containing such 5' and/or 3 1 - 
dihalonucleotides. The general structure of such molecules is shown 
below. 
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where R-j is H, OH, or R, where R is a hydroxyl protecting group, e.g., 
acyl, alkysilyl, or carbonate; each R 2 is separately H, OH, or R; each R 3 is 
separately a phosphate protecting group, e.g., methyl, ethyl, cyanoethyl, p- 
nitrophenyl, or chlorophenyl; each X is separately any halogen; and each B 
is any nucleotide base. 

The invention in particular features nucleic acid molecules having 
such modified nucleotides and enzymatic activity. In a related aspect the 
invention features a method for synthesis of such nucleoside 5'-deoxy-5*- 
dihalo and/or 3'-deoxy-3'-dihalophosphonates by condensing a 
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dihalophosphonate-containing sugar with a pyrimidine or a purine under 
conditions suitable to form a nucleoside S'-deoxy-S'-dihalophosphonate 
and/or a 3'-deoxy-3'-dihalophosphonate. 

Phosphonic acids may exhibit important biological properties 
5 because of their similarity to phosphates (Engel, Chem. Rev. 1977, 77, 
349-367). Blackburn and Kent {J. Chem. Soc, Perkin Trans. 1986, 913- 
917) indicate that based on electronic and steric considerations _-fluoro 
and _,_-difluoromethylphosphonates might mimic phosphate esters better 
than the corresponding phosphonates. Analogues of pyro- and 

1 0 triphosphates 1 , where the bridging oxygen atoms are replaced by a 
difluoromethylene group, have been employed as substrates in enzymatic 
processes (Blackburn ef a/., Nucleosides & Nucleotides 1985, 4, 165-167; 
Blackburn et a/., Chem. Scr. 1986, 26, 21-24). 9-(5,5-Difluoro-5- 
phosphonopentyl)guanine (2) has been utilized as a multisubstrate 

15 analogue inhibitor of purine nucleoside phosphorylase (Halazy et a/., J. 
Am. Chem. Soc. 1991, 113, 315-317). Oligonucleotides containing 
methylene groups in place of phosphodiester 5'-oxygens are resistant 
toward nucleases that cleave phosphodiester linkages between 
phosphorus and the 5'-oxygen (Breaker ef a/., Biochemistry 1993, 32, 

20 9125-9128), but can still form stable complexes with complementary 
sequences. Heinemann et ai (Nucleic Acids Res. 1991, 19, 427-433) 
found that a single 3'-methylenephosphonate linkage had a minor 
influence on the conformation of a DNA octamer double helix. 
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(ETO) 2 POCF 2 Li 
3 

One common synthetic approach to cc.cc-difluoro-alkylphosphonates 
features the displacement of a leaving group from a suitable reactive 
substrate by diethyl (lithiodifluoromethyl)phosphonate (3) (Obayashi et a/., 
5 Tetrahedron Lett. 1982, 23, 2323-2326). However, our attempts to 
synthesize nucleoside 5'-deoxy-5'-difluoro-methylphosphonates from 5'- 
deoxy-5'Hodonucle'osides using 3 were unsuccessful, i.e. starting 
compounds were quantitatively recovered. The reaction of nucleoside 5'- 
aldehydes with 3, according to the procedure of Martin et al. (Martin et ai, 
10 Tetrahedron Lett. 1992, 33, 1839-1842), led to a complex mixture of 
products. Recently, the synthesis of sugar a,a-difluoroalkylphosphonates 
from primary sugar triflates using 3 was described (Berkowitz etal., J. Org. 
Chem. 1993, 58, 6174-6176). Unfortunately, our experience is that 
nucleoside 5 -triflates are too unstable to be used in these syntheses. 

15 The following are non-limiting examples showing the synthesis of 

nucleoside 5'-deoxy-5'-difluoromethyl-phosphonates. Those in the art will 
recognize that equivalent methods can be readily devised based upon 
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these examples. These examples demonstrate that it is possible to 
achieve synthesis of 5'-deoxy-5'-difluoro derivatives in good yield and thus 
guide those in the art to such equivalent methods. The examples also 
indicate utility of such synthesis to provide useful oligonucleotides as 
5 described above. 

Those in the art will recognize that useful modified enzymatic nucleic 
acids can now be designed, much as described by Draper et al., 
PCT/US94/13129 hereby incorporated by reference herein (including 
drawings). 

10 Example 90: Synthesis of Nucleoside 5'-Deoxy.fi'. 
difluoromethvlphosphonates 

Referring to Fig. 87, we synthesized a suitable glycosylating agent 
from the known D-ribose a,cc-difluoromethylphosphonate (4) (Martin et al., 
Tetrahedron Lett 1992, 33, 1839-1842) which served as a key 
15 intermediate for the synthesis of nucleoside 5'- 
difluoromethylphosphonates. 

Methyl 2,3-O-isopropylidene-p-D-ribofuranose a,a- 
difluoromethylphosphonate (4) was synthesized from the 5-aldehyde 
according to the procedure of Martin et al. {Tetrahedron Lett. 1992, 33, 

20 1839-1842) (Figure 87). Removal of the isopropylidene group was 
accomplished under mild conditions (l 2 -MeOH, reflux, 18 h (Szarek et al., 
Tetrahedron Lett. 1986, 27, 3827) or Dowex 50 WX8 (H+), MeOH, RT 
(about 20-25°C), 3 days) in 72% yield. The anomeric mixture thus 
obtained was benzoylated with benzoyl chloride/pyridine to afford the 2,3- 

25 di-O-benzoyl derivative, which was subjected to mild acetolysis conditions 
(Walczak etaU Synthesis, 1993, 790-792) (Ac 2 0, AcOH, H 2 S0 4 , EtOAc, 
0°C. The desired 1-0-acetyl-2,3-di-0-benzoyl-D-ribofuranose 
difluoromethylphosphonate (5) was obtained in quantitative yield as an 
anomeric mixture. These derivatives were used for selective glycosylate 

30 of silylated uracil and N 4 -acetylcytosine under VorbrQggen conditions 
(Vorbruggen, Nucleoside Analogs. Chemistry, Biology and Medical 
Applications, NATO ASI Series A, 26, Plenum Press, New York, London, 
1980; pp. 35-69. The use of F 3 CS0 2 OSi(CH 3 )3 as * glycosylate 
catalyst is precluded because it is expected to lead to the undesired 1- 

35 ethyluracil or 9-ethyladenine byproducts: Podyukova, et al., Tetrahedron 
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Lett. 1 987, 28, 3623-3626 and references cited therein) (SnCI 4 as a 
catalyst, boiling acetonitrile) to yield ^-nucleosides (62% 6a, 75% 6b). 
Glycosylation of silylated N 6 -benzoyladenine under the same conditions 
yielded a mixture of N-9 isomer 6c and N-7 isomer 7 in 34% and 15% 
5 yield, respectively. The above nucleotides were successfully deprotected 
using trimethylsilylbromide for the cleavage of the ethyl groups, followed by 
treatment with ammonia-methanol to remove the acyl protecting groups. 
Nucleoside 5'-deoxy-5*-difluoromethylphosphonates 8 were finally 
purified on a DEAE Sephadex A-25 (HC0 3 ") column using a 0.01-0.25 M 
1 0 TEAB gradient for elution and obtained as their sodium salts (82% 8a; 87% 
8b; 82% 8c). 

Selected analytical data: 31 P-NMR.( 31 P) and 1 H-NMR ( 1 H) were 
recorded on a Varian Gemini 400. Chemical shifts in ppm refer to H3PO4 
and TMS, respectively. Solvent was CDCI3 unless otherwise noted. 5: 1 H 

1 5 6 8.07-7.28 (m, Bz), 6.66 (d, ^ 2 4.5, ctHI), 6.42 (s, BH1), 5.74 (d, J 23 4.9, 
BH2), 5.67 (dd, J 3 2 4.9, J 34 6.6. PH3), 5.63 (dd, J 3 2 6.7, J 3 4 3.6, aH3), 
5.57 (dd, J 2|1 4.5, J 2(3 6.7, aH2), 4.91 (m, H4), 4.30 (m, Cf£CH 3 ), 2.64 (m. 
CH 2 CF 2 ), 2.18 (s, BAc), 2.12 (s, aAc), 1.39 (m, CH 2 CW 3 ). 31 P 8 7.82 (t, 
J P F 105.2), 7.67 (t, J P F 106.5). 6a: 1 H8 9.11 (s, 1H, NH), 8.01 (m, 11H, 

20 Bz, H6), 5.94 (d, J V 2 > 4.1, 1H, HV), 5.83 (dd, J 5 6 8.1, 1H, H5), 5.79 (dd, 
J 2 . v 4.1, J 2 . 3 . 6.5, 1H, H2'), 5.71 (dd, J 3 . 2 . 6.5,J 3 . 4 . 6.4, 1H, H3'), 4.79 
(dd, J 4 - 3 . 6.4, J 4 . fF 11.6, 1H, H4'), 4.31 (m, 4H, CH 2 CH 3 ), 2.75 (tq, J H F 
19.6, 2H, Ctf 2 CF 2 ), 1 .40 (m, 6H, CH 2 CH 3 ). 31 P 5 7.77 (t, Jp p 104.0). Be: 
31 P {vs DSS) (D 2 0) 5 5.71 (t, J P F 87.9). 

25 Compound 7 was deacylated with methanolic ammonia yielding the 

product that showed (H 2 0) 271 nm and ^ 233 nm, confirming that 
the site of glycosylation was N-7. 

Example 91:Svnthesis of Nucleic Acids Containinn Modified NiiRlftntiria 
Containing Cores 

30 The method of synthesis used follows the procedure for normal RNA 

synthesis as described in Usman et a/., J. Am. Chem. Soc. 1987, 1 09, 
7845-7854 and in Scaringe era/., Nucleic Acids Res. 1990, 18, 5433-5441 
and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 3'-end 

35 (Figure 88 and Janda et a/., Science 1989, 244:437-440.). These 
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nucleoside 5'-deoxy-5'-difluoromethyIphosphonates may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group 1 or Group 2 introns, or into antisense oligonucleotides; They 
are, therefore, of general use in any nucleic acid structure. 

5 Example 92: Synthesis of Modified Triphosphate 

The triphosphate derivatives of the above nucleotides can be formed 
as shown in Fig. 89 . according to known procedures. Nucleic Acid Chem., 
Leroy B. Townsend, John Wiley & Sons, New York 1991, pp. 337-340; 
Nucleotide Analogs, Karl Heinz Scheit; John Wiley & Sons New York 1980, 
10 pp. 21 1-21 8. 

Equivalent synthetic schemes for 3* dihalophosphonates are shown in 
Figures 90 and 91 using art recognized nomenclature. The conditions can 
be optimized by standard procedures. 

The nucleoside dihalophosphonates described herein are 
15 advantageous as modified nucleotides in any nucleic acid structure, e.g., 
catalytic or antisense, since they are resistant to exo- and endonucleases 
that normally degrade unmodified nucleic acids in vivo. They also do not 
perturb the normal structure of the nucleic acid in which they are 
incorporated thereby maintaining any activity associated with that structure. 
20 These compounds may also be of use as monomers as antiviral and/or 
antitumor drugs. 

Oligonucleotides with A mido or Peptido Modification 

This invention replaces 2-hydroxyl group of a ribonucleotide moiety 
with a 2'-amido or 2'-peptido moiety. In other embodiments, the 3' and 5* 
25 portions of the sugar of a nucleotide may be substituted, or the phosphate 
group may be substituted with amido or peptido moieties. Generally, such 
a nucleotide has the general structure shown in Formula I below: 
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FORMULA I 

The base (B) is any one of the standard bases or is a modified 
nucleotide base known to thos^e in the art, or can be a hydrogen group. In 
5 addition, either R-| or R2 is H or an alkyl, alkene or alkyne group containing 
between 2 and 10 carbon atoms, or hydrogen, an amine (primary, 
secondary or tertiary, e^, R3NR4 where each R3 and R4 independently is 
hydrogen or an alkyl, alkene or alkyne having between 2 and 10 carbon 
atoms, or is a residue of an amino acid, Le,., an amide), an alkyl group, or 
1 0 an amino acid (D or L forms) or peptide containing between 2 and 5 amino 
acids. The zigzag lines represent hydrogen, or a bond to another base or 
other chemical moiety known in the art. Preferably, one of R-j , R2 and R3 is 
an H, and the other is an amino acid or peptide. 

Applicant has recognized that RNA can assume a much more 
15 complex structural form than DNA because of the presence of the 2- 
hydroxyl group in RNA. This group is able to provide additional hydrogen 
bonding with other hydrogen donors, acceptors and metal ions within the 
RNA molecule. Applicant now provides molecules which have a modified 
amine group at the 2' position, such that significantly more complex 
20 structures can be formed by the modified oligonucleotide. Such 
modification with a 2-amido or peptido group leads to expansion and 
enrichment of the side-chain hydrogen bonding network. The amide and 
peptide moieties are responsible for complex structural formation of the 
oligonucleotide and can form strong complexes with other bases, and 
25 interfere with standard base pairing interactions. Such interference will 
allow the formation of a complex nucleic acid and protein conglomerate. 
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Oligonucleotides of this invention are significantly more stable than 
existing oligonucleotides and can potentially form biologically active 
bioconjugates not previously possible for oligonucleotides. They may also 
be used for in vitro selection of unique aptamers, that is, randomly 
5 generated oligonucleotides which can be folded into an effective ligand for 
a target protein, nucleic acid or polysaccharide. 

Thus, in one aspect, the invention features an oligonucleotide 
containing the modified base shown in Formula I, above. 

In other aspects, the oligonucleotide may include a 3" or 5' nucleotide 
10 having a 3' or 5' located amino acid or aminoacyl group. In all these 
aspects, as well as the 2-modified nucleotide, it will be evident that various 
standard modifications can be made. For example, an "0 B may be 
replaced with an S, the sugar may lack a base (i.e., abasic) and the 
phosphate moiety may be modified to include other substitutions (see 
1 5 Sproat, supra). 

Example 93: General pro cedure for the preparation of 2 , -aminnacyl-9'- 
deoxv^'-aminonucleoside conj ugates. 

Referring to Fig. 92, to the solution of 2 , -deoxy-2 , -amino nucleoside (1 
mmol) and N-Fmoc L- (or D-) amino acid (1 mmol) in methanol 

20 [dimethylformamide (DMF) and tetrahydrofuran (THF) can also be used], 1- 
ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ) [or 1- 
isobutyloxycarbonyl-2-isobutyloxy-1,2-dihydroquinoline (IIDQ)] (2 mmol) is 
added and the reaction mixture is stirred at room temperature or up to 50 
'C from 3-48 hours. Solvents are removed under reduced pressure and 

25 the residual syrup is chromatographed on the column of silica-gel using 1- 
10 % methanol in dichloromethane. Fractions containing the product are 
concentrated yielding a white foam with yields ranging from 85 to 95 %. 
Structures are confirmed by 1 H NMR spectra of conjugates which show 
correct chemical shifts for nucleoside and aminoacyl part of the molecule. 

30 Further proofs of the structures are obtained by cleaving the aminoacyl 
protecting groups under appropriate conditions and assigning 1H NMR 
resonances* for the fully deprotected conjugate. 

Partially protected conjugates described above are converted into 
their 5'-0-dimethoxytrityI derivatives and into S'-phosphoramidites using 
35 standard procedures (Oligonucleotide Synthesis: A Practical Approach, 
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M.J. Gait ed.; IRL Press, Oxford, 1984). Incorporation of these 
phosphoramidites into RNA was performed using standard protocols 
(Usman et a/. , 1 987 supra) . 

A general deprotection protocol for oligonucleotides of the present 
5 invention is described in Fig. 93 . 

The scheme shows synthesis of conjugate of 2 , -d-2'-aminouridine. 
This is meant to be a non-limiting example, and those skilled in the art will 
recognize that, variations to the synthesis protocol can be readily 
generated to synthesize other nucelotides (e.g., adenosine, cytidine, 
1 0 guanosine) and/or abasic moieties. 

Example 94: RNA cleavage bv hammerhead ribozymes containing P'- 
aminoacyl modifications. 

Hammerhead ribozymes targeted to site N (see Fig. 94) are 
synthesized using solid-phase synthesis, as described above. U4 and U7 
15 positions are modified, individually or in combination, with either 2 , -NH- 
alanine or 2'-NH-lysine. 

RNA cleavage assay in vitro: Substrate RNA is 5 1 end-labeled using 
[y- 32 P] ATP and T4 polynucleotide kinase (US Biochemicals). Cleavage 
reactions were carried out under ribozyme "excess* conditions. Trace 

20 amount (£ 1 nM) of 5* end-labeled substrate and 40 nM unlabeled 
ribozyme are denatured and renatured separately by heating to 90°C for 2 
min and snap-cooling on ice for 10-15 min. The ribozyme and substrate 
are incubated, separately, at 37°C for 10 min in a buffer containing 50 mM 
Tris-HCI and 10 mM MgCl2- The reaction is initiated by mixing the 

25 ribozyme and substrate solutions and incubating at 37°C. Aliquots of 5 jil 
are taken at regular intervals of time and the reaction is quenched by 
mixing with equal volume of 2X formamide stop mix. The samples are 
resolved on 20 % denaturing polyacrylamide gels. The results are 
quantified and percentage of target RNA cleaved is plotted as a function of 

30 time. 

Referring to Fig f 95, hammerhead ribozymes containing 2'-NH- 
alanine or 2*-NH-lysine modifications at U4 and U7 positions cleave the 
target RNA efficiently. 
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Sequences listed in Figure 94 and the modifications described in 
Figure 95 are meant to be non-limiting examples. Those skilled in the art 
will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing 
5 other 2'-hydroxyl group modifications, including but not limited to amino 
acids, peptides and cholesterol, can be readily generated using techniques 
known in the art, and are within the scope of the present invention. 

Example 95: Aminoacylation of 3-ends of RNA 

I. Referring to Fig. 96. 3-OH group of the nucleotide is converted to 
1 0 succinate as described by Gait, supra. This can be linked with amino-alkyl 
solid support (for example: CpG). Zig-zag line indicates linkage of 3'OH 
group with the solid support. 

iL Preparation of aminoacvl-derivatized solid support 

A) Synthesis of O-Dimethoxvtrityl (O-DMn amino acids 

1 5 Referring to Fia. 97. to a solution of L- (or D-) serine, tyrosine or 

threonine (2 mmol) in dry pyridine (15 ml) 4,4'-dimethoxytrityl chloride (3 
mmol) is added and the reaction mixture is stirred at RT (about 20-25°C) for 
16 h. Methanol (10 ml) is then added and the solution evaporated under 
reduced pressure. The residual syrup was partitioned between 5% aq. 

20 NaHC03 and dichloromethane, organic layer was washed with brine, dried 
(Na2S04) and concentrated in vacuo. The residue is purified by flash 
silicagel column chromatography using 2-10% methanol in 
dichloromethane (containing 0.5 % pyridine). Fractions containing product 
are combined and concentrated in vacuo to yield white foam (75-85 % 

25 yield). 

B) Preparation of the solid sup port and its derivatization with amino acida 

Referring to Fig. 97, the modified solid support (has an OH group 
instead of the standard NH2 end group) was prepared according to 
Haralambidis et al. f Tetrahedron Lett. 1987, 28, 5199, (P denotes 
30 aminopropyl CPG or polystyrene type support). O-DMT or NH- 
monomethoxytrityl (NH-MMT amino acid was attached to the above solid 
support using standard procedures for derivatization of the solid support 
(Gait, 1984, supra) creating a base-labile ester bond between amino acids 
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and the support. This support is suitable for the construction of RNA/DNA 
chain using suitably protected nucleoside phosphoramidites. 

Example 96: Aminoacylation of 5-ends of RNA 

I. Referring to Fig. 98. 5-amino-containing sugar moiety was 
5 synthesized as described (Mag and Engels, 1989 Nucleic Acids Res. 17, 

5973). Aminoacylation of the 5'-end of the monomer was achieved as 
described above and RNA phosphoramidite of the 5'-aminoacylated 
monomer was prepared as described by Usman etal., 1987 supra. The 
phosphoramidite was then incorporated at the 5-end of the oligonucleotide 
10 using standard solid-phase synthesis protocols described above. 

II. Referring to Fig. 99, aminoacyl group(s) is attached to the phosphate 
group at the 5-end of the RNA using standard procedures described 
above! 

VII. Reversing Genetic Mutations 

15 Modification of existing nucleic acid sequences can be achieved by 

homologous recombination. In this process a transfected sequence 
recombines with homologous chromosomal sequences and can replace 
the endogenous cellular sequence. Boggs, 8 International J. Cell Cloning 
80, 1990, describes targeted gene modification. It reviews the use of 

20 homologous DNA recombination to correct genetic defects. Banga and 
Boyd, 89 Proc. Natl. Acad. Sci. U.S.A. 1735, 1992, describe a specific 
example of in vivo site-directed mutagenesis using a 50 base 
oligonucleotide. In this methodology a gene or gene segment is 
essentially replaced by the oligonucleotide used. 

25 This invention uses a complementary oligonucleotide to position a 

nucleotide base changing activity at a particular site on a gene (RNA or 
genomic DNA), such that the nucleotide modifying activity will change (or 
revert) a mutation to wild-type, or its equivalent. By reversion or change of 
a mutation, we refer to reversion in a broad sense, such as when a 

30 mutation at a second site which leads to functional reversion to a wild type 
phenotype. Also, due to the degeneracy of the genetic code, a revertant 
may be achieved by changing any one of the three codon positions. 
Additionally, creation of a stop codon in a deleterious gene (or transcript) is 
defined here as reverting a mutant phenotype to wild-type. An example of 
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this type of reversion is creating a stop codon in a critical HIV proviral gene 
in a human. 

Referring to Figures 100 and 101 . broadly there are two approaches 
to causing a site directed change in order to revert a mutation to wild-type. 
5 In one (Fig. 100) the oligonucleotide is used to target RNA specifically. 
RNA is provided with a complementary (Watson-crick) oligonucleotide 
sequence to that in the target molecule. In this case the sequence 
modifying oligonucleotide would (analogously to an antisense 
oligonucleotide or ribozyme) have to be continuously present to revert the 
1 0 RNA as it is made by the cell. Such a reversion would be transient and 
would potentially require continuous addition of more sequence modifying 
oligonucleotide. The transient nature of this approach is an advantage, in 
that treatment could be stopped by simply removing the sequence 
modifying oligonucleotide (as with a traditional drug). 

15 A second approach targets DNA (Fig. 101) and has the advantage 

that changes may be permanently encoded in the target cell's genetic 
code. Thus, a single course (or several courses) of treatment may lead to 
permanent reversion of the genetic disease. If inadvertent chromosomal 
mutations are introduced this may cause cancer, mutate other genes, or 

20 cause genetic changes in the germ-line (in patients of reproductive age). 
However, if the base changing activity is a specific methylation that may 
modulate gene expression it would not necessarily lead to germ-line 
transmission. See Lewin, Genes. 1983 John Wilely & Sons, Inc. NY pp 
493-496. 

25 Complementary base pairing to single-stranded DNA or RNA is one 

method of directing an oligonucleotide to a particular site of DNA. This 
could occur by a strand displacement mechanism or by targeting DNA 
when it is single-stranded (such as during replication, or transcription). 
Another method is using triple-strand binding (triplex formation) to double- 
. 30 stranded DNA, which is an established technique for binding poly- 
pyrimidine tracts, and can be extended to recognize all 4 nucleotides. See 
Povsic, T., Strobel, S., & Dervan, P. (1992). Sequence-specific double- 
strand alkylation and cleavage of DNA mediated by triple-helix formation. 
J, Am, Chem. goc. 114, 5934-5944 (1992). Knorre, D.G., Valentin, V.V., 

35 Valentina, F.Z., Lebedev, A.V. & Federova, O.S. Design and targeted 
reactions of oligonucleotide derivatives 1-366 (CRC Press, Novosibirsk, 
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1993) describe conjugation of reactive groups or enzyme to 
oligonucleotides and can be used in the methods described herein. 

Recently, antisense oligonucleotides have been used to redirect an 
incorrect splice into order to obtain correct splicing of a splice mutant globin 
5 gene in vitro. Dominski Z; Kole R (1993) Restoration of correct splicing in 
thalassemia pre-mRNA by antisense oligonucleotides. Proc Natl Acad Rni 
USA 90:8673-7. Analogously, in one preferred embodiment of this 
invention a complementary oligomer is used to correct an existiing mutant 
RNA, instead of the traditional approach of inhibiting that RNA by 
1 0 antisense. 

In either the RNA or DNA mode, after binding to a particular site on the 
RNA or DNA the oligonucleotide will modify the nucleic acid sequence. 
This can be accomplished by activating an endogenous enzyme (see 
Figure 102), by appropriate positioning of an enzyme (or ribozyme) 
1 5 conjugated (or activated by the duplex) to the oligonucleotide, or by 
appropriate positioning of a chemical mutagen. Specific mutagens, such as 
nitrous acid which deaminates C to U, are most useful, but others can also 
be used if inactivation of a harmful RNA is desired. 

RNA editing is an naturally occurring event in mammalian cells in 
20 which a sequence modifying activity edits a RNA to its proper sequence 
post-transcriptionally. Higuchi, M.„ Single, F., Kohler, M., Sommer, B., and 
Seeburg, P. (1993) RNA Editing of AM PA Receptor Subunit GluR-B: A 
base-paired intron-exon structure determines position and efficiency Qeti 
75:1361-1370. The machinery involved in RNA editing can be co-opted by 
25 a suitable oligonucleotide in order to promote chemical modification. 

The changes in the base created by the methods of this invention 
cause a change in the nucleotide sequence, either directly, or after DNA 
repair by normal cellular mechanisms. These changes functionally correct 
a genetic defect or introduce a stop codon. Thus, the invention is distinct 
30 from techniques in which an active chemical group (e.g., an alkylator) is 
attached to an antisense or triple strand oligonucleotide in order to 
chemically inactivate the target RNA or DNA. 

Thus, this invention creates an alteration to. an existing base in a 
nucleic acid molecule so that the base is read in vivo as a different base. 
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This includes correcting a sequence instead of inactivating a gene but can 
also include inactivating a deleterious gene. 

Thus, in one aspect, the invention features a method for altering in 
yjyo the nucleotide base sequence of a naturally occurring mutant nucleic 
5 acid molecule. The method includes contacting the nucleic acid molecule 
in ViVP with an oligonucleotide or peptide nucleic acid or other sequence 
specific binding molecules able to form a duplex or triplex molecule with 
the nucleic acid molecule. After formation of the duplex or triplex molecule 
a base modifying activity chemically or enzymatically alters the targeted 
10 base directly, or after nucleic acid repair in vivo. This results in the 
functional alteration of the nucleic acid sequence. 

By "alter", as it is used in this context, is meant that one or more 
chemical moieties in a targeted base, or bases, is altered so that the mutant 
nucleic acid win be functionally different. Thus, this is distinct from prior 

1 5 methods of correcting defects in DNA, such as homologous recombination, 
in which an entire segment of the targeted sequence Is replaced with a 
segment of DNA from the transfected nucleic acid. This is also distinct from 
other methods that use reactive groups to inactivate a RNA or DNA target, 
in that this method functionally corrects the sequence of the target, instead 

20 of merely damaging it, by causing it to be read by a polymerase as a 
different base from the original base. As noted above, the naturally 
occurring enzymes in a cell can be utilized to cause the chemical 
alteration, examples of which are provided below. 

By "functionally alter" is meant that the ability of the target nucleic acid 
25 to perform its normal function {i.e.., transcription or translation control) is 
changed. For example, an RNA molecule may be altered so that ft can 
cause production of a desired protein, or a DNA molecule can be altered 
so that upon DNA repair, the DNA sequence is changed. 

By ^mutant" it is meant a nucleic acid molecule which is altered in 
30 some way compared to equivalent molecules present in a normal 
individual. Such mutants may be well known in the art, and include, 
molecules present in individuals with known genetic deficiencies, such as 
muscular dystrophy, or diabetes and the like. It also includes individuals 
with diseases or conditions characterized by abnormal expression of a 
35 gene, such as cancer, thalassemia's and sickle cell anemia, and cystic 
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fibrosis. It allows modulation of lipid metabolism to reduce artery disease, 
treatment of integrated AIDS genomes, and AIDs RNA, and Alzeimer's 
disease. Thus, this invention concerns alteration of a base in a mutant to 
provide a "wild type" phenotype and/or genotype. For deleterious 
5 conditions this involves altering a base to allow expression or prevent 
expression as is necassary. When treating an infection, such as HIV, it 
concerns inactivation of a gene in the HIV RNA by mutation of the mutant 
(i.e., non-human gene) to a wild type (i.e., no production of a non-human 
protein). Such modification is performed in trans rather than in cis as in 
1 0 prior methods. 

In preferred embodiments, the oligonucleotide is of a length (at least 
12 bases, preferably 17-22) sufficient to activate dsRNA deaminase in 
vivo to cause conversion of an adenine base to inosine; the 
oligonucleotide is an enzymatic nucleic acid molecule that is active to 
15 chemically modify a base (see below); the nucleic acid molecule is DNA or 
RNA; the oligonucleotide includes a chemical mutagen, e.g., the mutagen 
is nitrous acid; and the oligonucleotide causes deamination of 5- 
methylcytosine to thymidine, cytosine to uracil, or adenine to inosine, or 
methtylation of cytosine to 5-methylcytosine. 

20 In a most preferred embodiment, the invention features correction of a 

mutation, rather than inactivation of a target by causing a mutation. 

Using in vitro directed evolution, it is possible to screen- for ribozymes 
with catalytic activities different than RNA cleavage. Battel, D. and 
Szostak, J. (1993) Isolation of new ribozymes from a large pool of random 

25 sequences. Science 261:1411-1418. Using these methods of in vitro 
directed evolution, an enzymatic nucleic acid molecule, or ribozyme that 
mutates bases, instead of cleaving the phosphodiester backbone can be 
selected. This is a convenient method of obtaining an enzyme with the 
appropriate base sequence modifying activities for use in the present 

30 invention. 

Sequence modifying activities can change one nucleotide to another 
(or modify a nucleotide so that it will be repaired by the cellular machinery 
to another nucleotide). Sequence modifying activities could also delete or 
add one or more nucleotides to a sequence. A specific embodiment of 
35 adding sequences Is described by Sullenger and Cech, PCT/US94/12976 
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hereby incorporated by reference herein), in which entire exons with wild- 
type sequence are spliced into a mutant transcript. The present invention 
features only the addition of a few bases (1 - 3). 

Thus, in another aspect, the invention features ribozymes or 
5 enzymatic nucleic acid molecules active to change the chemical structure 
of an existing base in a separate nucleic acid molecule. Applicant is the 
first to determine that such molecules would be useful, and to provide a 
description of how such molecules might be isolated. 

Molecules used to achieve in situ reversion can be delivered using 
10 the existing means employed for delivering antisense molecules and 
ribozymes, including liposomes and cationic lipid complexes. If the in situ 
reverting molecule is composed only of RNA, then expression vectors can 
be used in a gene therapy protocol to produce the reverting molecules 
endogenously, analogously to antisense or ribozymes expression vectors. 
15 There are several advantages of using such an expression vector, rather 
than simply replacing the gene through standard gene therapy. Firstly, this 
approach would limit the production of the corrected gene to cells that 
already express that gene. Furthermore, the corrected gene would be 
properly regulated by its natural transcriptional promoter. Lastly, reversion 
20 can be used when the mutant RNA creates a dominant gain of function 
protein {e.g., in sickle cell anemia), where correction of the mutant RNA is 
necessary to stop the production of the deleterious mutant protein, and 
allow production of the corrected protein. 

Endogenous Mammalian RNA Editing System 

25 It was observed in the mid-1980s that the sequence of certain cellular 

RNAs were different from the DNA sequence that encodes them. By a 
process called RNA editing, cellular RNA are post-transcriptionally 
modified to a) create a translation initiation and termination codons, b) 
enable tRNA and rRNA to fold into a functional conformation (for a review 

30 see Bass, B. L. (1993) In The RNA World. R. Gesteland, R. and Atkins, J. 
eds. (Cold Spring Harbor, New York; CSH Lab. Press) pp. 383-418). The 
process of RNA editing includes base modification, deletion and insertion 
of nucleotides. 

Although, the RNA editing process is widespread among lower 
35 eukaryotes, very few RNAs (four) have been reported to undergo editing in 
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mammals (Bass, supra). The predominant mode of RNA editing in 
mammalian system is base modification (C -» U and A -» G). The 
mechanism of RNA editing in the mammalian system is postulated to be 
that C-»U conversion is catalyzed by cytidine deaminase. The mechanism 
5 of conversion of A-»G has recently been reported for glutamate receptor B 
subunit (gluR-B) in rat PC12 cells (Higuchi, M. et al. (1993) C_eH 75, 1361- 
1370). According to Higuchi gluR-B mRNA precursor attains a structure 
such that intron 1 1 and exon 1 1 can form a stable stem-loop structure. This 
stem-loop structure is a substrate for a nuclear double strand-specific • 
10 adenosine deaminase enzyme. The deamination will result in the 
conversion of A-»l. Reverse transcription followed by double strand 
synthesis will result in the incorporation of G in place of A. 

In the present invention, the endogenous deaminase activity or other 
such activities can be utilized to achieve targeted base modification. 

15 The following are examples of the invention to illustrate different 

methods by which in vivo conversion of a base can be achieved. These 
are provided only to clarify specific embodiments of the invention and are 
not limiting to the invention. Those in the art will recognize that equivalent 
methods can be readily devised within the scope of the claims. 

20 Example 97: Exploiting c ellular dsRNA dependant Adenine to Innsinp 
converter 

An endogenous activity in most mammalian cells and Xenopus 
oocytes converts about 50% of adenines to inosines in double stranded 
RNA. (Bass, B. L, & Weintraub, H. (1988). An unwinding activity that 

25 covalently modifies it double-stranded RNA substrate. Cell. 55. 1089- 
1098.). This activity can be used to cause an in situ reversion of a 
mutation at the RNA level. Referring to Figures 102 and 104, for 
demonstration purposes a stop codon is incorporated into the coding 
region of dystrophin, which is fused to the reporter gene luciferase. This 

30 stop codon can be reverted by targeting an antisense RNA which is long 
enough to activate the dsRNA deaminase, which converts Adenines to 
Inosines. The A to I transition will be read by the ribosome as an A to G 
transition in some cases and will thereby functionally revert the stop codon. 
While other A's in this region may be converted to I's and read as G, 

35 converting an A to I (G) cannot create a stop codon. The A to I transitions 
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in the region surrounding the target mutation will create some point 
mutations, however, the function of the dystrophin protein is rarely 
inactivated by point mutations. 

The reverted mRNA was then translated in a cell lysate and assayed 
5 for luciferase activity. As evidenced by the dramatic increase in luciferase 
counts in the graph in figure 103, the A to I transition was read by the 
ribosome as an A to G transition and the stop codon has successfully been 
reverted with the lysate treated complex. As a control, an irrelevant non- 
complementary RNA oligonucleotide was added to the 
10 dystrophin/luciferase mRNA. As expected, in this case no translation 
(luciferase activity) is observed because of the stop codon. As an 
additional control, the hybrid was not treated with extract, and again no 
translation (luciferase activity) is observed (Figure 103). 

While other A's in the targeted region may have been converted to I's 
1 5 and read as G, converting an A to I (G) cannot create a stop codon, so the 
ribosome will still read through the region. Dystrophin is not generally 
sensitive to point mutations if the open reading frame is maintained, so a 
dystrophin protein made from an mRNA reverted by this method should 
retain full activity. 

20 The following detail specifics of the methodology: RNA 

oligonucleotides were synthesized on a 394 (ABI) synthesizer using 
phosphoramidite chemistry. The sequence of the synthetic complementary 
RNA that binds to the mutant dystrophin sequence is as follows (5* to 3'): 

CCCGCGGTAGATCTTTCTGGAGGCTTACAGTTTTCTACAAACCTCC 
25 CTTCAAA (Seq. ID No. 1) 

Referring to Figure 1Q4, fifty-nine base pairs of a human dystrophin 
mutant sequence containing a stop codon was fused in frame to the 
luciferase coding region using standard cloning technology, into the Hind 
III and Not I sites of pRC-CMV (Invitrogen, San Diego, CA). The AUG of 
30 luciferase was deleted. The sequences of the insert from the Hind III site to 
the start of the luciferase coding region is (5' to 3'): 

GCCCCTGAGGAGCGATGGAGGCCTTGAAGGGAGGTTTGTGGAAAA 
CTGTAAGCCTGCAGAAAGATCTACCGCGG (Seq ID No. 2) 
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This corresponds to base pairs 3649-3708 of normal dystrophin 
(Entrez ID # 31 1627) with a Sac II site at the 3' end. This plasmid was used 
as a template for in vitro transcription of mRNA using T7 polymerase with 
the manufacturers protocol (Promega, Madison, Wl). 

5 Xenopus nuclear extracts were prepared in 0.5X TGKED buffer (0.5X= 

25mM Tris (pH 7.9), 12.5% glycerol, 25 mM KCI, 0.25mM DTT and 0.05mM 
EDTA), by vortexing nuclei and resuspended in a volume of 0.5X TGKED 
equal to total cytoplasm volume of the oocytes. Bass, B.L. & Weintraub, H. 
Cell 55, 1 089-1 098 (1 988). 

10 The target mRNA at 500ng/ul was pre-annealed to 1. micromolar 

complementary or irrelevant RNA oligonucleotide by heating to 70°C, and 
allowing it to slowly cool to 37°C over 30 minutes. Fifty nanograms of 
mRNA pre-annealed to the RNA oligonucleotides was added to 7ul of 
nuclear extracts containing 1mM ATP, 15mM EDTA, 1600un/ml RNasin 

15 and 12.5mM Tris pH 8 to a total volume of 12ul. Bass, B.L. & Weintraub, H. 
supra. This mixture, which contains the dsRNA deaminase activity, was 
incubated for 30 minutes at 25°C. Next, 1.5ul of this mixture was added to 
a rabbit reticulocyte lysate in vitro translation mixture and translated for two 
hours according to the manufacturers protocol (Life Technologies, 

20 Gaithersberg, MD), except that an additional 1.3 mM magnesium acetate 
was added to compensate for the EDTA carried through from the nuclear 
extract mixture. Luciferase assays were performed on 15ul of extract with 
the Promega luciferase assay system (Promega, Madison, Wl), and 
luminescence was detected with a 96 well luminometer, and the results are 

25 displayed in the graph in figure 102. 

Example 98: Base changing activities 

The chemical synthesis of antisense and triple-strand forming 
oligomers conjugated to reactive groups is well studied and characterized 
(Knorre, D.G., Valentin, V.V., Valentina, F.2., Lebedev, A.V. & Federova, 

30 O.S. Design and targeted reactions of oligonucleotide derivatives 1-366 
(CRC Press, Novosibirsk, 1993) and Povsic, T., Strobel, S. & Dervan, P. 
Sequence-specific double-strand alkylation and cleavage of DNA 
mediated by triple-helix formation J. Am. Chem. Soc. 114, 5934-5944 
(1992). Reactive groups such as alkylators that can modify nucleotide 

35 bases in targeted RNA or DNA have been conjugated to oligonucleotides. 



WO 95)73225 



PCT/IB95/001S6 



159 

Additionally enzymes that modify nucleic acids have been conjugated to 
oligonucleotides. (Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, 
A.V. & Federova, O.S. Design and targeted reactions of oligonucleotide 
derivatives 1-366 (CRC Press, Novosibirsk, 1993). In the past these 
5 conjugated chemical groups or enzymes have been used to inactivate 
DNA or RNA that is specifically targeted by antisense or triple-strand 
interactions. Below is a list of useful base changing activities that could be 
used to change the sequence of DNA or RNA targeted by antisense or 
triple strand interactions, in order to achieve in situ reversion of mutations, 
1 0 as described herein (see figure 100-104) . 

1. Deamination of 5-methylcytosine to create thymidine 
(performed by the enzyme cytidine deaminase (Bass, B.L in The RNA 
World (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1993). 
Also, nitrous acid or related compounds promote oxidative deamination of 
15 C to be read at T(Microbial Genetics, David Freifelder, Jones and Bartlett 
Publishers, Inc., Boston,1987, PP.226-230.). Additionally hydroxylamine 
or related compounds can transform C to be read at T (Microbial Genetics, 
David Freifelder, Jones and Bartlett Publishers, Inc., Boston,1987, PP.226- 
230.) 

20 2. Deamination of cytosine to create uracil (performed by the 

enzyme cytidine deaminase (Bass, B.L in The RNA World (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, 1993) or by chemical 
groups similar to nitrous acid that promote oxidative deamination (Microbial 
Genetics, David Freifelder, Jones and Bartlett Publishers, Inc., 

25 Boston.1987, PP.226-230.) 

3. Deamination of Adenine to be read like G (Inosine) (as done 
by the adenosine deaminase, AMP deaminase or the dsRNA deaminating 
activity ( Bass, B.L in The RNA World (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, 1993). 

30 4. Methylation of cytosine to 5-methylcytosine 

5. Transforming thymidine (or uracil) to 0 2 -methyl thymidine (or 
0 2 -methyl uracil), to be read as cytosine by alkynrtrosoureas (Xu, and 
Swann, Tetrahedron Letters 35:303-306 (1994)). 
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6. Transforming guanine to 6-O-methyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978) which can be done with the mutagen ethyl methane 
sulfonate (EMS) Microbial Genetics, David Freifelder, Jones and Bartlett 

5 Publishers, Inc., Boston.1 987, PP.226-230. 

7. Amination of uracil to cytosine (as performed by the cellular 
enzyme CTP synthetase (Bass, B.L in The RNA World (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, 1993). 

The following are examples of useful chemical modifications that can 
10 be utilized in the present invention. There are a few preferred 
straightforward chemical modifications that can change one base to 
another base. Appropriate mutagenic chemicals are placed on the 
targetting oligonucleotide, e.g., nitrous acid, or a suitable protein with such 
activity. Such chemicals and proteins can be attatched by standard 
15 procedures. These include molecules which Introduce fundamental 
chemical changes, that would be useful independent of the particular 
technical approach. See Lewin, Genes. 1983 John Wilely & Sons, Inc. NY 
pp 42-48. 

The following matrix shows that the chemical modifications noted can 
20 cause transversion reversions (pyrimidine to pyrimidine, or purine to 
purine) in RNA or DNA. The transversions (pyrimidine to purine, or purine 
to pyrimidine) are not preferred because these are more difficult chemical 
transformations. The footnotes refer to the specific desired chemical 
transformations. The bold footnotes refer to the reaction on the opposite 
25 DNA strand. For example, if one desires to change an A to a G, this can be 
accomplished at the DNA level by using reaction #5 to change a T to a C in 
the opposing strand. In this example an A/T base pair goes to A/C , then 
when the DNA is replicated, or mismatch repair occurs this can become 
G/C, thus the original A has been converted to a G. 

30 ISR matrix 

Reverted Base 

Mutant base A T(U) C G 
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Transversion 



Transversion ||DNA5.^RNA3 



ITransversion 



] 



Transversion 



DNA6/RNA6 



RNA2/DNA6 I F 



Transversion 



Transversion 



Transversion 



1dNA5/rna7 "llTransversiorn 



1 Deamination of 5-methylcytosine to create thymidine. 

2 Deamination of cytosine to create uracil. 

3 Deamination of Adenine to be read like G (Inosine). 
5 4 Methylation of cytosine to 5-methylcytosine. 

5 Transforming thymidine (or uracil) to O^-methyl thymidine (or 
02-methyl uracil), to be read as cytosine (Xu, and Swann, Tetrahedron 
Letters 35:303-306 (1994)). 

6 Transforming guanine to 6-O-methyl (or other alkyls) to be 
10 read as adenine (Mehta and Ludlum, Biochimica et Biophvsica Acta 

521:770-778 (1978)). 

7. Amination of uracil to cytosine. Bass supra, fig. 6c. 
In Vitro Selection Strategy 



15 



20 



25 



Referring to Figure 105. there is provided a schematic describing an 
approach to selecting for a ribozyme with such base changing activity. An 
RNA is designed that folds back on itself (this is similar to approaches 
already used to select for RNA ligases, Bartel, D. and Szostak, J. (1993) 
Isolation of new ribozymes from a large pool of random sequences. 
Science 261:1411-1418). A degenerate loop opposing the base to be 
modified provides for diversity. After incubating this library of molecules in 
a buffer, the RNA is reverse transcribed into DNA (that is, using standard in 
vitro evolution protocol. Tuerk and Gold, 249 Science 505, 1990) , and 
then the DNA is selected for having a base change. A restriction enzyme 
cleavage and size selection or Its equivalent is used to isolate the fraction 
of DNAs with the appropriate base change. The cycle could then be 
repeated many times. 
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The in vitro selection (evolution) strategy is similar to approaches 
developed by Joyce (Beaudry,' A. A. and Joyce, G.F. (1992) Science 257, 
635-641; Joyce, G. F. (1992) Scientific American 2 67 90-97) and Szostak 
(Bartel, D. and Szostak, J. (1993) Science. 261: 141 1-1418; Szostak, J. W. 
5 (1993) TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
synthesized wherein, each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 

10 bind to its target (the region flanking the mutant nucleotide), 2) 
complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their base modifying activity, 3) introduction of restriction 
endonuclease site for the purpose of cloning. The degenerate domain can 
be created to be completely random (each of the four nucleotides 

15 represented at every position within the random region) or the degeneracy 
can be partial (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 635- 
641). In this invention, the degenerate domain is flanked by regions 
containing known sequences (see Figure 105), such that the degenerate 
domain is placed across from the mutant base (the base that is targeted for 

20 modification). This random library of nucleic acids is incubated under 
conditions that ensure folding of the nucleic acids into conformations that 
facilitate the catalysis of base modification (the reaction protocol may also 
include certain cofactors like ATP or GTP or an S-adenosyl-methionine (if 
methylation is desired) in order to make the selection more stringent). 

25 Following incubation, nucleic acids are converted into complimentary DNA 
(if the starting pool of nucleic acids is RNA). Nucleic acids with base 
modification (at the mutant base position) can be separated from rest of the 
population of nucleic acids by using a variety of methods. For example, a 
restriction endonuclease cleavage site can either be created or abolished 

30 as a result of base modification. If a restriction endonuclease site is 
created as a result of base modification, then the library can be digested 
with the restriction endonuclease (RE). The fraction of the population that 
is cleaved by the RE is the population that has been able to catalyze the 
base modification reaction (active pool). A new piece of DNA (containing 

35 oligonucleotide primer binding sites for PCR and RE sites for cloning) is 
ligated to the termini of the active pool to facilitate PCR amplification and 
subsequent cycles (if necessary) of selection. The final pool of nucleic 
acids with the best base modifying activity is cloned in to a plasmid vector 
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and transformed into bacterial hosts. Recombinant plasmids can then be 
isolated from transformed bacteria and the identity of clones can be 
determined using DNA sequencing techniques. 

Base modifying enzymatic nucleic acids (identified via in vitro 
5 selection) can be used to cause the chemical modification in vivo. 

In addition, the ribozyme could be evolved to specifically bind a 
protein having an enzymatic base changing acitivity. 

Such ribozymes can be used to cause the above chemical 
modifications in vivo: The ribozymes or above noted antisense-type 
10 molecules can be administered by methods discussed in the above 
referenced art. 

VIII. Administration of Nucleic Acids 

Applicant has determined that double-stranded nucleic acid lacking 
a transcription termination signal can be used for continuous expression of 

15 the encoded RNA. This is achieved by use of an R-loop, i.e., an RNA 
molecule non-covalently associated with the double-stranded nucleic acid 
and which causes localized denaturation ("bubble 11 formation) within the 
double stranded nucleic acid (Thomas et al., 1976 Proc. Natl. Acad. Sci. 
USA 73, 2294). In addition, applicant has determined that that the RNA 

20 portion of the R-loop can be used to target the whole R-loop complex to a 
desirable intracellular or cellular site, and aid in cellular uptake of the 
complex. Further, applicant indicates that expression of enzymatically 
active RNA or ribozymes can be significantly enhanced by use of such R- 
loop complexes. 

25 Thus, in one aspect, the invention features a method for introduction 

of enzymatic nucleic acid into a cell or tissue. A complex of a first nucleic 
acid encoding the enzymatic nucleic acid and a second nucleic acid 
molecule is provided. The second nucleic acid molecule has sufficient 
complementarity with the first nucleic acid to be able to form an R-loop 

30 base pair structure under physiological conditions. The R-loop is formed in 
a region of the first nucleic acid molecule which promotes expression of 
RNA from the first nucleic acid under physiological conditions. The method 
further includes contacting the complex with a cell or tissue under 
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conditions in which the enzymatic nucleic acid is produced within the cell 
or tissue. 

By "complex" is simply meant that the two nucleic acid molecules 
interact by intermolecular bond formation (such as by hydrogen bonding) 
5 between two complementary base-paired sequences. The complex will 
generally be stable under physiological condition such that it is able to 
cause initiation of transcription from the first nucleic acid molecule. 

L The first and second nucleic acid molecules may be formed from any 
desired nucleotide bases, either those naturally occurring (such as 

1 0 adenine, guanine, thymine and cytosine), or other bases well known in the 
art, or may have modifications at the sugar or phosphate moieties to allow 
greater stability or greater complex formation to be achieved. In addition, 
such molecules may contain non-nucleotides in place of nucleotides. 
Such modifications are well known in the art, see e.g., Eckstein et a/., 

15 International Publication No. WO 92/07065; Perrault et a/., 1990 Nature 
344, 565; Pieken et a/., 1991 Science . 253, 314; Usman and Cedergren, 
19g2 Tmnris in Biochem. Sci . 17, 334; Usman ef a/., International 
Publication No. WO 93/15187; and Rossi et a/., International Publication 
No. WO 91/03162, as well as Sproat,B. European Patent Application 

20 92110298.4 which describe various chemical modifications that can be 
made to the sugar moieties of enzymatic RNA molecules. All these 
publications are hereby incorporated by reference herein. 

By "sufficient complementarity" is meant that sufficient base pairing 
occurs so that the R-loop base pair structure can be formed under the 
25 appropriate conditions to cause transcription of the enzymatic nucleic acid. 
Those in the art will recognize routine tests by which such sufficient base 
pairs can be determined. In general, between about 15-80 bases is 
sufficient in this invention. 

By "physiological condition" is meant the condition in the cell or 
30 tissue to be targeted by the first nucleic acid molecule, although the R-loop 
complex may be formed under many other conditions. One example is use 
of a standard physiological saline at 37°C, but it is simply desirable in this 
invention that the R-loop structure exists to some extent at the site of action 
so that the expression of the desired nucleic acid will be achieved at that 
35 site of action. While it is preferred that the R-loop structure be stable under 
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those conditions, even a minimal amount of formation of the R-loop 
structure to cause expression will be sufficient. Those in the art will 
recognize that measurement of such expression is readily achieved, 
especially in the absence of any promoter or leader sequence on the first 
5 nucleic acid molecule (Daube and von Hippel, 1992 Science 258, 1320). 
Such expression can thus only be achieved if an R-loop structure is truly 
formed with the second nucleic acid, if a promoter of leader sequence is 
provided, then it is preferred that the R-loop be formed at a site distant from 
those regions so that transcription is enhanced. 

10 In a related aspect, the invention features a method for introduction 

. of ribonucleic acid within a cell or tissue by forming an R-loop base-paired 
structure (as described above) with the first nucleic acid molecule lacking 
any promoter region or transcription termination signal such that once 
expression is initiated it will continue until the first nucleic acid is degraded. 

15 In another related aspect, the invention features a method in which 

the second nucleic acid is provided with a localization factor, such as a 
protein, e.g., an antibody, transferin, a nuclear localization peptide, or 
folate, or other such compounds well known in the art, which will aid in 
targeting the R-loop complex to a desired cell or tissue. 

20 In preferred embodiments, the first nucleic acid is a plasmid, e.g., 

one without a promoter or a transcription termination signal ; the second 
nucleic acid is of length between about 40-200 bases and is formed of 
ribonucleotides at a majority of positions; and the second nucleic is 
covalently bonded with a ligand such as a nucleic acid, protein, peptide, 

25 lipid, carbohydrate, cellular receptor, nuclear localization factor, or is 
attached to maleimide or a thiol group: the first nucleic acid is an 
expression plasmid lacking a promoter able to express a desired gene, 
e.g., it is a double-stranded molecule formed with a majority of 
deoxyribonucleic acids; the R-loop complex is a RNA/DNA heteroduplex; 

30 no promoter or leader region is provided in the first nucleic acid; and the R- 
loop is adapted to prevent nucleosome assembly and is designed to aid 
recruitment of cellular transcription machinery. 

In other preferred embodiments, the first nucleic acid encodes one or 
more enzymatic nucleic acids, e.g., it is formed with a plurality of 
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intramolecular and intermolecular cleaving enzymatic nucleic acids to 
allow release dT therapeutic enzymatic nucleic acid in vivo. 

In a further related aspect, the invention features a complex of the 
above first nucleic acid molecules and second nucleic acid molecules. 

5 R-loop complex 

An R-loop complex is designed to provide a non-integrating plasmid 
so that, when an RNA polymerase binds to the plasmid, transcription is 
continuous until the plasmid is degraded. This is achieved by hybridizing 
an RNA molecule, 40 to 200 nucleotides in length, to a DNA expression 

10 plasmid resulting in an R-loop structure (see figure 106) . This RNA, when 
conjugated with a ligand that binds to a cell surface receptor, triggers 
internalization of the plasmid/RNA-ligand complex. Formation of R-loops in 
general is described by DeWet, 1987 Methods in EnzvmoL 145, 235; 
Neuwald et al., 1977 J. Virol. 21,1019; and Meyer et al., 1986 J. Ult. Mol. 

15 $tr. Res. 96, 187. Thus, those in the art can readily design complexes of 
this invention following the teachings of the art. 

Promoters placed in retroviral genomes have not always behaved as 
planned in that the additional promoter will serve as a stop signal or 
reverses the direction of the polymerase. Applicant was told that creation 

20 of an R-loop between the promoter and the reporter gene increased the 
transfection efficiency. Incubation of an RNA molecule with a double- 
stranded DNA molecule, containing a region of complementarity with the 
RNA will result in the formation of a stable RNA-DNA hetroduplex and the 
DNA strand that has a sequence identical to the RNA will be displaced into 

25 a loop-like structure called the R-loop. This displacement of DNA strand 
occurs because an RNA-DNA duplex is more stable compared to a DNA- 
DNA duplex. Applicant was also told that an 80 nt long RNA was used to 
generate a R-loop structure in a plasmid encoding the B-galactosidase 
gene. The R-loop was initiated either in the promoter region or in the 

30 leader sequence. Plasmids containing an R-loop structure were 
microinjected into the cytoplasm of COS cells and the gene expression 
was assayed. R-loop formation in the promoter region of the plasmid 
inhibited expression of the gene. RNA that hybridized to the leader 
sequence between the promoter and the gene, or directly to the first 80 

35 nucleotides of the niRNA increased the expression levels 8-10 fold. The 
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proposed mechanism is that R-loop formation prevents nucleosome 
assembly, thus making the DNA more accessible for transcription. 
Alternatively, the R-loop may resemble a RNA primer promoting either DNA 
replication or transcription (Daube and von Hippel, 1992, supraV 

5 One of the salient features of this invention is to generate R-loops in 

expression vectors of choice and introduce them into cells to achieve 
enhanced expression from the expression vector. The presence of an R- 
loop may aid in the recruitment of cellular transcription machinery. Once 
an RNA polymerase binds to the plasmid and initiates transcription, the 
1 0 process will continue until a termination signal is reached, or the plasmid is 
degraded. 

This invention will increase the expression of ribozymes inside a 
cell. The idea is to construct a plasmid with no transcription termination 
signal, such that a transcript-containing multiple ribozyme units can be 
15 generated. In order to liberate unit length ribozymes, self-processing 
ribozymes can be cloned downstream of each therapeutic ribozyme (see 
fjguigJjQZ) as described by Draper supra. 

Lioand Targeting 

Another salient feature of this invention is that the RNA used to 

20 generate R-loop structures can be covalently linked to a ligand (nucleic 
acid, proteins, peptides, lipids, carbohydrates, etc.). Specific Jigands can 
be chosen such that the ligand can bind selectively to a desired cell 
surface receptor. This ligand-receptor interaction will help internalize a 
plasmid containing an R-loop. Thus, RNA is used to attach the. ligand to the 

25 DNA such that localization of the gene to certain regions of the cell is 
achieved. One of several methods can be used to attach a ligand to RNA. 
This includes the incorporation of deoxythymidine containing a 6 carbon 
spacer having a terminal primary amine into the RNA fsee figure 10BI This 
amino group can be directly derivatized with the ligand, such as folate (Lee 

30 . and Low, 1994 J, Biol, Qhem, 269, 3198-3204). The RNA containing a 6 
carbon spacer with a terminal amine group is mixed with folate and the 
mixture is reacted with activators like 1-(3-Dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (EDO). This reaction should be carried 
out in the presence of 1-Hydroxybenzotriazole hydrate (HOBT) to prevent 

35 any undesirable side reactions. 
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The RNA can also be derivatized with a heterobifuctional 
crosslinking agent (or linker) like succinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB). The SMPB introduces a maleimide 
into the RNA. This maleimide can then react with a thiol moiety either in a 
5 peptide or in a protein. Thiols can also be introduced into proteins or 
peptides that lack naturally occurring thiols using succinylacetylthioacetate. 
The amino linker can be attached at the 5* end or 3' end of the RNA, The 
RNA can also contain a series of nucleotides that do not hybridize to the 
DNA and extend the linker away from the RNA/DNA complex, thus 

10 increasing the accessibility of the ligand for its receptor and not interfering 
with the hybridization. These techniques can be used to link peptides such 
as nuclear localization signal (NLS) peptides (Lanford et aL, 1984 £ell 37, 
801-813; Kalderon et al., 1984 (M 39, 499-509; Goldfarb et aL, 1986 
Nature 322, 641-644)and/or proteins like the transferrin (Curiel et al., 1991 

1 5 Proc. Natl. Acad. Sci. USA 88, 8850-8854; Wagner et aL, 1 992 Proc. Natl. 
Acad. Sci. USA 89, 6099-6103; Giulio et aL, 1994 Cell. Signal. 6, 83-90) to 
the ends of R-loop forming RNA in order to facilitate the uptake and 
localization of the R-loop-DNA complex. To link a protein to the ends of R- 
loop forming RNA, an intrinsic thiol can be used to react with the maleimide 

20 or the thiols can be introduced into the protein itself using either 
iminothiolate or succinimidyl acetyl thioacetate (SATA; Duncan et aL, 1983 
Anal T Piochem 132, 68). The SATA requires an additional deprotection 
step using 0.5 M hydroxylamine. 

In addition liposomes can be used to cause an R-loop complex to be 
25 delivered to an appropriate intracellular cite by techniques well known in 
the art. For example, pH-sensitive liposomes (Connor and Huang, 1986 
Cancer Res. 46, 3431-3435) can be used to facilitate DNA transfection. 

Calcium phosphate mediated or electroporation-mediated delivery of 
the R-loop complex in to desired cells can also be readily acomplished. 

30 In vitro Selection 

In vitro selection strategies can be used to select nucleic acids that a) 
can form stable R-loops b) selectively bind to specific cell surface 
receptors. These nucleic acids can then be covalently linked to each other. 
This will help internalize the R-loop-containing plasmid efficiently using 
35 receptor-mediated endocytosis. The in vitro selection (evolution) strategy is 
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similar to approaches developed by Joyce (Beaudry and Joyce, 1992 
Science 257, 635-641; Joyce, 1992 Scientific American 267, 90-97) and 
Szostak (Bartel and Szostak, 1993 Science 261:1411-1418; Szostak, 
1993 TIB? 17, 89-93). Briefly, a random pool of nucleic acids is 
5 synthesized wherein each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 
bind to its target (a specific region of the double strand DNA), 2) 

1 0 complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their affinity to form R-loop and/or their ability to bind to a 
specific receptor, 3) introduction of a restriction endonuclease site for the 
purpose of cloning. The degenerate domain can be created to be 
completely random (each of the four nucleotides represented at every 

1 5 position within the random region) or the degeneracy can be partial 
(Beaudry and Joyce, 1992 Science 257, 635-641). In this invention, the 
degenerate domain is flanked by regions containing known sequences. 
This random library of nucleic acids is incubated under conditions that 
ensure equilibrium binding to either double-stranded DNA or cell surface 

20 receptor. Following incubation, nucleic acids are converted into 
complementary DNA (if the starting pool of nucleic acids is RNA). Nucleic 
acids with desired characteristics can be separated from the rest of the 
population of nucleic acids by using a variety of methods (Joyce, 1992 
supial. The desired pool of nucleic acids can then be carried through 

25 subsequent rounds of selection to enrich the population with the most 
desired traits. These molecules are then cloned in to appropriate vectors. 
Recombinant plasmids can then be isolated from transformed bacteria and 
the identity of clones can be determined using DNA sequencing 
techniques. 

30 Other embodiments are within the following claims. 
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TABLE 1 



Characteristics of Ribozvmes 

Group I Introns 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavage 
site. u 
Binds 4-6 nucleotides at 5' side of cleavage site. 
Over 75 known members of this class. Found in Tetrahymena 
thermophila rRNA, fungal mitochondria, chloroplasts, phage T4 blue- 
green algae, and others. ' 

RNAseP RNA (M1 RNA) 

Size: -290 to 400 nucleotides. 

RNA portion of a ribonucleoprotein enzyme. Cleaves tRNA precursors 
to form mature tRNA. 

Roughly 10 known members of this group all are bacterial in origin. 

Hammerhead Ribozyme 
Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5' of the cleavage site 
Binds a variable number nucleotides on both sides of the cleavage 
site. 

14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the infectious agent (Fiqures 1 
and 2) 

Hairpin Ribozyme 
Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3' of the cleavage site 
Binds 4-6 nucleotides at 5* side of the cleavage site and a variable . 
number to the 3' side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the 
infectious agent (Figure 3). . 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. • 

Binding sites and structural requirements not fully determined, 

although no sequences 5' of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 4). 

Neurospora VS RNA Ribozyme 
Size: -144 nucleotides (at present) 
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Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and structural requirements not fully determined. Only 1 

known member of this class. Found in Neurospora VS RNA (Rgure 5) 
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Table 2 

Human ICAM HH Target sequence 



nt: Position Target Sequences nt Position 



11 


CCCCAGU C GACGCDG 


386 


23 


CUGAGCU C CUCGGCO 


394 


26 


AGCOCCU C UGCUACU 


420 


31 


CDCUGCU A CUCAGAG 


425 


34 


UGCUACU C AGAGUUG 


427 


40 


UCAGAGU U GCAACCU 


450 


48 


GCAACCU C AGCCDCG 


451 


54 


UCAGCCtJ C GCUADGG 


456 


58 


CCDCGCU A UGGCUCC 


495 


64 


UAUGGCU C CCAGCAG 


510 


96 


CCGCACU C CUGGUCC 


564 


102 


UCCUGGU C CDGCOCG 


592 


108 


UCCDGCU C GGGGCCC 


607 


115 


CGGGGCU C UGUUCCC 


608 


119 


GCUCUGU U CCCAGGA 


609 


120 


CUCUGUU C CCAGGAC 


611 


146 


CAGACAD C UGUGUCC 


656 


152 


UCUGUGU C CCCCDCA 


657 


158 


UCCCCCU C AAAAGUC 


668 


165 


CAAAAGU C ADCCUGC 


677 


168 


AAGUCAU C CDGCCCC 


684 


185 


GGAGGCU C CGOGCUG 




209 


AGCACCU C CDGDGAC 


6°3 


227 


CCCAAOT U GUDGGGC 


696 


230 


AAGUUGD U GGGCA0A 


709 


237 


UGGGCAU A GAGACCC 


720 


248 


ACCCCGU U GCCUAAA 


723 


253 


GUUGCCU A AAAAGGA 


735 


263 


AAGGAGU U GCUCCUG 


738 


267 


AGUUGCU C CDGCCUG 


'765 


293 


AAGGUGU A DGAACOG 


769 


319 


AGAAGAU A GCCAACC 


770 


335 


AUGUGCU A UUCAAAC 


785 


337 


GCJGCUAU U CAAACUG 


786 


338 


UGCUADU C AAACUGC 


792 


359 


GGGCAGD C AACAGCU 


794 


367 


AACAGCU A AAACCDU 


807 


374 


AAAACCU U CCOCACC 


833 


375 


AAACCDU C CUCACCG 


846 


378 


CCUUCCU C ACCGOGU 


851 



Target Sequences 

ACCGUGU A CuGGACU 
CUGGACU C CAGAACG 
CACCCCU C CCCUCUU . 
CUCCCCJ C UUGGCAG 
CCCCUCU U GGCAGCC 
AGAACCU U ACCCUAC 
GAACCUU A CCCUACG 
UUACCCU A CGCDGCC 
CCAACCU C ACCGUGG 
UGCUGCU C CGUGGGG 
CUGAGGU C ACGACCA 
GAGAGAU C ACCADGG 
AGCCAAU U UCUCGUG 
GCCAAUU U CUCGUGC 
CCAATJUU C UCGUGCC 
AAUUUCD C GUGCCGC 
GAGCUGU U UGAGAAC 
AGCUGUU U GAGAACA 
AACACCU C GGCCCCC 
GCCCCOJ A CCAGCUC 
ACCAGCD C CAGACCU 
CAGACCU u UGUCCUG 
AGACCUU U GUCCOGC 
CCUUUGU C CCGCCAG 
AGCGACU C CCCCACA 
CACAACU U GUCAGCC 
AACUDGU C AGCCCCC 
CCCGGGU C CUAGAGG 
GGGUCCU A GAGGUGG 
CCGUGGU C UGUUCCC 
GGUCUGU U CCCUGGA 
GUCUGUU C CCUGGAC 
GGGCUGU U CCCAGUC 
GGCUGUU C CCAGUCU 
UCCCAGU C UCGGAGG 
CCAGUCU C GGAGGCC 
CCCAGGU C CACCUGG 
CAGAGGU U GAACCCC 
CCACAGU C ACCUAUG 
GUCACCU A UGGCAAC 
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863 


AACGACU C CUUCUCG 


1408 


866 


GACUCCU U CUCGGCC 


1410 


867 


ACUCCUU C DCGGCCA 


1421 


869 


UCCUUCU C GGCCAAG 


1425 


881 


AAGGCCU C AGUCAGU 


1429 


885 


CCUCAGU C AGUGUGA 


1444 


933 


GUGCAGU A ADACOGG 


1455 


936 


CAGUAAU A CUGGGGA 


1482 


978 


UGACCAU C DACAGCU 


1484 


980 


ACCADCU A CAGCUUU 


1493 


986 


UACAGCU U UCCGGCG 


1500 


987 


ACAGCDU U CCGGCGC 


1503 


988 


CAGCUUU C CGGCGCC 


1506 


1005 


ACGCGAU U CUGACGA 


1509 


1006 


. CGUGAUU C DGACGAA . 


1518 


1023 


CAGAGGU C UCAGAAG 


1530 


1025 


GAGGUCU C AGAAGGG 


1533 


1066 


CCACCCU A GAGCCAA 


1551 


1092 


AUGGGGU U CCAGCCC 


1559 


1093 


UGGGGUU C CAGCCCA 


1563 


1125 


CCCAGCU C CCGCUGA 


1565 


1163 


CGCAGCa U CUCCUGC 


1567 


1164 


GCAGCUU C UCCUGCU 


1584 


1166 


AGOJUCU C GUGCUCU 


1592 


1172 


UCCQ3CU C UGCAACC 


1599 


1200 


GCCAGCU U AUACACA 


1651 


1201 


CCAGCUU A UACACAA 


1661 


1203 


AGCUQAD A CACAAGA 


1663 


1227 


GGGAGCO U CGUGUCC 


1678 


1228 


GGAGCUU C GUGOCCa 


1680 


1233 


UUCGCGU C CUGUAUG. 


1681 


1238 


GOCCUGU A UGGCCCC 


1684 


1264 


GAGGGAU U GUCCGGG 


1690 


1267 


GGAUUGU C CGGGAAA 


1691 


1294 


AGAAAAU U CCCAGCA 


1696 


1295 


GAAAADU C CCAGCAG 


1698 


1306 


GCAGACU C CAAUGUG 


1737 


1321 


CCAGGCU U GGGGGAA 


1750 


1334 


AACCCAU U GCCCGAG . 


1756 


1344 


CCGAGCU C AAGUG0C 


1787 


1351 


CAAGUGU C UAAAGGA 


1790 


1353 


AGUGUCU A AAGGADG 


1793 


1366 ■ 


UGGCACU U UCCCACU 


1797 


1367 


GGCACUU U CCCACUG 


1802 


1368 


GCACUUU C CCACUGC 


1812 


1380 . 


UGCCCAU C GGGGAAU 


1813 


1388 


GGGGAAU C AGOGACU 


1825 


1398 


UGACUGU C ACUCGAG 


1837 


1402 


UGUCACU C GAGAUCD 


1845 



UCGAGAU C DUGAGGG 
GAGADCU U GAGGGCA 
GGCACCU A CCUCUGU 
CCUACCU C DGDCGGG 
CCUCUGU C GGGCCAG 
GAGCACU C AAGGGGA 
GGGAGGU C ACCCGCG 
AUGUGCU C UCCCCCC 
GUGCUCU C CCCCCGG 
CCCCGGU A UGAGAUU 
AUGAGAU U GUCAUCA 
AGAUUGU C AUCAUCA 
UUGUCAU C AUCACUG 
UCAUCAU C ACUGUGG 
CUGUGGU A GCAGCCG 
CCGCAGU C AUAAUGG 
CAGUCAU A ADGGGCA 
CAGGCCU C AGCACGU 
AGCACGU A CCUCUAU 
CGUACCU C UAUAACC 
QACCUCU A UAACCGC 
CCUCUAU A ACCGCCA 
GGAAGAU C AAGAAAD 
AAGAAAU A CAGACUA 
ACAGACU A CAACAGG 
CACGCCU C CCUGAAC 
OGAACCU A UCCCGGG 
AACCUAU C CCGGGAC 
AGGGCCU C UUCCUCG 
GGCCUCU U CCUCGGC 
GCCUCUU C CUCGGCC 
UCUUCCU C GGCCUUC 
UCGGCCU U CCCAUAU 
CGGCCUU C CCAUAUU 
UUCCCAU A UUGGUGG 
CCCAUAU 0 GGUGGCA 
AAGACAU A UGCCAUG 
OGCAGCU A CACCUAC 
UACACCU A CCGGCCC 
AGGGCAU U GUCCUCA 
GCAUUGU C CUCAGUC 
OUGUCCU C AGUCAGA 
CCUCAGU C AGAUACA 
GUCAGAU A CAACAGC 
ACAGCAU U UGGGGCC 
CAGCAUU U GGGGCCA 
CCAUGGU A CCUGCAC 
CACACCU A AAACACU 
AAACACU A GGCCACG 
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1856 
1861 
1865 
1868 
1877 
1901 
1912 
1922 
1923 
1928 
1930 
1964 
1983 
1996 
2005 
2013 
2015 
2020 
2039 
2040 
2057 
2061 
2071 
2076 
2097 
2098 
2115 
2128 
2130 
2145 
2152 
2156 
2158 
2159 
2160 
2162 
2163 
2166 
.2167 
2170 
2171 
2173 
2174 
2175 
2176 
2183 
2185 
2186 
2187 



CACGCAU 
AUCUGAU 
GADCUGU 
CUGUAGU 
CAUGACU 
CAAGACU 
ACAUGAU 
UGGADGU 
GGAUGUU 
UUAAAGU 
AAAGUCU 
GAGACAU 
AGGACAU 
GGGAAAU A 
UGAAACU U 
GCUGCCU 
UGCCUAU 
AUUGGGU 
ACAGACD 
CAGACUU 
DGGCCCD 
CCUCCAU 
CAEGUGU 
GUAGCAU 
CCACACU 
CACACUU 
GCCAGCU 
CUGCUGU C 
GCUGUCU A 
CAACCCU U 
UGAUGAU A 
GAUAUGU A 

uauguau u 

AUGUAUU U 

UGUAIJUU A 

UAUUUAU 

AUUUADU 

UAUUCAU 

ADUCAUU 

CAUUUGU 

AUUDGDU 

UUGUUAU 
•UGUUAUU 

GUUAUUU 

UUAUUUU 
ACCAGCU 

CAGCUAU U 
AGCUADU U 
GCUADUU A 



A 
U 
A 
U 
A 
C 
A 
A 
C 

u 
c 
a 



u 
c 
u 
u 
u 

A 
U 

u 
u 

A 
A 



UGAUCUG 
UGUAGUC 
GUCACAU 
ACAUGAC 
AGCCAAG 
AAGACAU 
GAUGGAU 
AAAGUCU 
AAGUCUA 
UAGCCUG 
GCCCGAU 
GCCCCAC 
CAACUGG 
CUGAAAC 
GCUGCCU 
UUGGGUA 
GGGUAUG 
UGCUGAG 
ACAGAAG 
CAGAAGA 
CAUAGAC 
GACAUGU 
GCADCAA 
AAAACAC 
CCUGACG 
CUGACGG 
GGGCACU 
UACUGAC 
CUGACCC 
GADGADA 
UGUAUUU 
UUUAUUC 
UAUUCAU 
AUUCAUU 
UUCAUUU 
CAUUUGU 
ADUUGUU 
UGUUAUU 
GUUAUUU 
AUUUUAC 
UUUUACC 
UUACCAG 
UACCAGC 
ACCAGCU 
CCAGCUA 
UUUADUG 
UAUUGAG 
AUUGAGU 
UUGAGUG 



2189 

2196 

2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2223 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 



UADUUAU U GAGUGUC 
CGAGUGU C UUUUAUG 
AGUGUCU U UUADGUA 
GUGUCUU U UAUGUAG 
UGUCUUU U AUGUAGG 
GUCUUUU A UGUAGGC 
UUUAUGU A GGCUAAA 
GUAGGCU A AAUGAAC 
UGAACAU A GGCCUCU 
CAUAGGU C UCGGGCC 
UAGGUCU C CGGCCUC 
CUGGCCU C ACSGAGC 
CGGAGCU C CCAGUCC 
UCCCAGU C CAUGUCA 
OCCAUGU C ACAUGCA 
GUCACAU U CAAGGUC 
UCACADU C AAGGUCA 
UCAAGGU C ACCAGGU 
ACCAGGU A CAGUUGU 
GOACAGU U GUACAGG 
CAGUUGU A CAGGUUG 
UACAGGU U GUACACU 
AGGUUGU A CACUGCA 
AAAAGAU C AAAUGGG 
UGGGACU U CUCADUG 
GGGACUU C UCAUUGG 
GACUUCU C AUUGGCC 
UUCUCAU U GGCCAAC 
CCUGCCU U UCCCCAG 
CUGCCUU U CCCCAGA 
UGCCUUU C CCCAGAA 
GAGUGAU U UUUCUAU 
AGUGADU U UUCUAUC 
GUGADUU U UCUAUCG 
UGAUUUU U CUAUCGG 
GAUUUUU C UAUCGGC 
UUUUUCU A UCGGCAC 
UUUCUAU C GGCACAA 
AAGCACU A UADGGAC 
GCACUAU A UGGACUG 
GACUGGU A ADGGUUC 
UAADGGU U CACAGGU 
AAUGGUU C ACAGGUU 
' CACAGGU U CAGAGAU 
ACAGGUU C AGAGAUU 
CAGAGAU U ACCCAGU 
AGAGAUU A CCCAGUG 
GAGGCCU U AUUCCUC 
AGGCCOU A UUCCUCC 
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2451 


GCCUUAU U CCUCCCU 


2750 


2452 


CCUUAUU C CUCCCUU 


2759 


2455 


UAUUCCU c ccuuccc 


2761 


2459 


CCUCCCU U CCCCCCA 


2765 


2460 


CUCCCUU C CCCCCAA 


2769 


2479 


GACACCU U UGUUAGC 


2797 


2480 


ACACCUU U GUUAGCC 


2803 


2483 


CCUUUGU U AGCCACC 


2804 


2484 


CUUUGUU A GCCACCU 


2813 


2492 


GCCACCU C CCCACCC 




2504 


CCCACAU A CAUUCCU 


9A91 


2508 


CAUACAU U UCDGCCA 




2509 






2510 


UACADUU C UGCCAGTT 




2520 




2o3 / 


2521 


CAGUGUU C ACAAHHA 


2o4U 


2533 


UGACACU C AGCGGUr 


/ 


2540 


CAGCGGU C ADGOCBG 




2545 


GUCAUGU C UGGACAU 




2568 


AGGGAAU A UGCCCAA 


AO /<£ 


2579 


CCAAGCU A UGCCUUG 


AO / / 


2585 


UAUGCCU U GUCCUCU 


9ftPQ 


2588 


GCCUUGU C CUCUUGU 




2591 


UCGGCCU C UUGUCCU 




2593 


GUCCUCU U GUCCUGU 




2596 


CUCUUGU C CUGUUUG 




2601 


GUCCUGU U UGCAUUU 


4JU / ' 


2602 


UCCUGUU U GCAUUUC 




2607 


UUUGCAU U UCACDGG 




2608 


uugcauu u cAcnnnn 




2609 


UGCAUUU C ACOGGC2A 




2620 


GGGAGCU U GCATTTATT 


"501 


2626 


UUGCACU A UUGTAGT 


2913 


2628 


GCACUAU U GCAGTTir 


*5Q1 A 
2914 


2635 


UGCAGCU C CAGUUUC 




2640 


CUCCAGU U UCCDGCA 


291b 


2641 


UCCAGUU U CCOSf^afs 


. 2917 


2642 


CCAGUUU C CnGCAfiTT 


2918 


2653 


CAGUGAH C AGGKnrr 




2659 


UCAGGGU C COSCAAf; 


.4931 


2689 


CCAAGGU A TJOGGAra^ 


2933 


2691 


AAGGUAU U GGAGGAC 


9QA1 


2700 


GAGGACU C CCUCCCA . 


2951 


2704 


ACUCCCU C CCAGCUU 


2952 


2711 


CCCAGCU U UGGAAGG 


2955 


2712 


CCAGCUU U GGAAGGG 


2956 


2721 


GAAGGGU C AUCCGCG 


2961 


2724 


GGGUCAO C CGCGUGU 


2962 


2744 


UGUGUGU A UGUGUAG 


2965 



UAUGUGU A GACAAGC 
ACAAGCU C UCGCUCU 
AAGCUCU C GCUCUGU 
UCUCGCU C UGUCACC 
GCUCUGU C ACCCAGG 
GUGCAAU C AUGGUUC 
UCAUGGU U CACUGCA 
CAUGGUU C ACUGCAG 
CUGCAGU C UUGACCU 
GCAGUCU U GACCUUU 
UUGACCU U UUGGGCU 
UGACCUU U UGGGCUC 
GACCUUU U GGGCUCA 
UUGGGCU. C AAGUGAU 
AAGUGAU C CUCCCAC 
UGAUCCU C CCACCUC 
CCCACCU C AGCCUCC 
UCAGCCU C CUGAGUA 
CCUGAGU A GCUGGGA 
GGACCAU A GGCUCAC 
AUAGGCU C ACAACAC 
GGCAAAU U UGAUUUU 
GCAAAUU U GADUUUU 
AUUUGAU U UUUUUUXJ 
UUUGAUU U UUUUUUU 
UUGAUUU U UUUUUUU 
UGAUUUU U UUUUUUU 
GAUUUUTJ U UUUUUUU 
AUUUUUU U UUUUUUU 
uuuuuuu U UUUUUUU 
uuuuuuu U UUUUUUU 
uuuuuuu u uuuuuuc 
uuuuuuu u uuuuuca 

UUUUUUU U UUUUCAG 
UUUUUUU U UUUCAGA 
UUUUUUU U UUCAGAG 
UUUUUUU U UCAGAGA 
UUUUUUU U CAGAGAC 
UUUUUUU C AGAGACG 
ACGGGGU C UCGCAAC 
GGGGUCU C GCAACAU 
GCAACAU U GCCCAGA 
CCAGACU U CCUUUGU 
CAGACUU C CUUUGUG 
ACUUCCU U UGUGUUA 
CUUCCUU U GUGUUAG 
UUUGUGU U AGUUAAU 
UUGUGUU A GUUAAUA 
UGUUAGU U AAUAAAG 
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2966 GUUAGOU" A AUAAAGC 

2969 AGUDAAD A AAGCUUU 

2975 UAAAGCU U UCOCAAC 

2976 AAAGCUU U CUCAACU 

2977 AAGCUDU C UCAACOG 
2979 GCUUUCU C AACUGCC 
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Table 3 

Mouse ICAM HH Target Sequence 
nt. Position Target Sequence 



nt Position Target Sequence 



11 


CCCugGU C acCGuDG 


367 


23 


CaGuGgO u CUCUGCTJ 


374 


26 


uGgUuCU C UGCUcCU 


375 


31 


CUCUGCU c CUCcaca 


378 


34 


UuCUcaU a AGgGUcG 


386 


40 


gCAcAcU U GuAgCCT 


394 


48 


aggACCTJ c AGCCUgG 


420 


54 


UggGCOJ C GugADGG . 


425 


58 


CaUgcCTJ u UaGCDCC 


427 


64 


cAcccCTJ C CCAGCAG 


450 


96 


CucugCa C CUGGcCC 


451 


102 


UgCcaGa a COGCOgG 


456 


108 


cuCOGOJ C cuGGCcC 


495 


115 


uGGuuCTJ c UGcUCCu 


510 


119 


GgaaUGU c aCCAGGA 


564 


120 


CUCDGca C CugGccC 


592 


146 


CAGuCgU C cGcuUCC 


' 607 


152 


UCDGUGU C agCCaCu 


608 


158 


UCCuguU u AAAAacC 


609 


165 . 


CAgAAGU u gUuuDGC 


611 


168 


AAGcCutJ C CDGCCCC 


656 


185 


GGuGGgU C CGUGCaG 


657 


209 


gcCACuU C OTcOGgC 


668 


227 


CagAAGTJ TJ GUUuuGC 


677 


230 


AAGDUGU U uuGCucc 


634 


237 


UGuGCuU u GAGAaCu 


692 


248 


AaCCCaU c UCCOAAA 


693 


253 


ccUGCCU A AggAaGA 


696 


263 


AgGGuuU c uCUaCDG 


709 


267 


AGggGCU C CCGCCOa 


720 


«j 


AAGcUGU u UGAgCUG 


723 


319 


AGgAGAU A cugAgCC 


735 


335 


cUGUGCU u UgagAAC 


738 


337 


GUcCaAU U CAcACUG 


765 


338 


aGCDgUU u gAgCDGa 


769 


359 


GuGCAGU c guCcGCU 


770 


785 


GGcCOGU U uCCuGcC 


1353 


786 


GcCUGOU u CCuGcCU 


1366 


792 


UggagGU C UCGGAaG 


1367 


794 


CugGgCU u GGAGaCu 


1363 


807 


CuCgGaU a uACCUGG 


1380 


833 


CAaAGcU c GAcaCCC 


1388 


846 


CCcugGU C ACCguUG 


1398 


851 


GagACCU c UacCAgC 


1402 



AAugGCO u 
gAAgCCU U 
AAgCCUU C 
CuacCaU C 
ACCGUGU A 
CcGGAOJ u 
CACaCuU C 
CaCCCCU C 
CagCTXtf c 
AGgACCU c 
GAAaCcU u 
UDACCCU c 
CuAcCaU C 
UGCUGCU c 
CUcAGGO a 
GAaAGAU C 
AGCCAAU U 
GCCAAUa U 
CCAADUU C 
AADUUCU C 
aAGCDGa U 
AGCDGUU U 
cgagCCU.a 
GaCCuCU A 
uuCAGOJ C 
CgGACuU U 
AGgaCcU c 
CCUgUuU C 
gGCGgCU C 
uACAACU U 
AACOUuD C 
aCCaGatf C 
uGGgCCU c 
CaGUcGU C 
GGcCDGU U 
uDuOGcU C 
AGOGggU c 
UaaCAgU c 
aGCACcU c 
GuACUgU a 
UGCCCAU C 
GGaGAcD C 
UGgCDGU C 
UOTgcuU u 



cAACCcg 
CCUgcCC 
CUgcCCc 
ACCGCGU 
uUcGuuU 
UcGAuCu 
CCCcCcg 
ccaGCAG 
aGCAGug 
ACCCDgC 
uCCOuuG 
aGCcaCu 
ACCGUGu 
CG0GGGG 
uCcAuCc 
ACaugGG 
UCOCaOG 
CUCaDGC 
UCapGCC 
aDGCCGC 
UGAGcug 
GAGcugA 
GGCCaCC 
CCAGCcu 
CgGuCCU 
cGauCUu 
acCCDGC 
COGCCuc 
CaCCuCA 
uDCAGCu 
AGCuCCg 
CUgGAGa 
GuGaUGG 
cGcUuCC 
uCCUGcc 
CCUGGAa 
gAaGgUG 
UaCaACU 
CCCACcu 
CCACOcu 
GGGGugg 
AGUGgCTJ 
ACagaAc 
GAGAaCQ 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



PCT/IB95/00156 



178 



863 


AgCcACU u CcUCUgG 


1408 


866 


GAagCCU U CcuGcCC 


1410 


867 


AnOCgUU u cCGGagA 


1421 


869 


UCuUcCTJ C augCAAG 


1425 


881 


AuGGCuU C AacCcGU 


1429 


885 


CCUugGU a gagGUGA 


1444 


933 


cUauAaU c ADuCCGG 


1455 


936 


uAaUcAU u CUGGuGc 


1482 


978 


UaACagU C UACAaCU 


1484 


980 


ACagUCU A CAaOJUU 


1493 


986 


UACAaCU U UuCaGCu 


1500 


987 


ACAaCUU U uCaGCuC 


1503 


988 


CAaOJUU u CaGCuCC 


1506 


1005 


ACcaGAU c CUGgaGA 


1509 . 


1006 


uGaGAgU C DGggGAA 


1518 


1023 


ugGAGGU C UCgGAAG 


1530 


1025 


GAGGDCU C gGAAGGG 


1533 


1066 


CCACuCU c aAaauAA 


1551 


1092 


AcuGGaU c uCAGgCC 


1559 


1093 


UGGaccU u CAGCCaA 


1563 


1125 


CCCAaCU C uUcuUGA 


1565 


1163 


CGaAGCa.U CUuuUGC 


1567 


1164 


GaAGCUU C UuuUGCU 


1584 


1166 


AGCUUCU u uOGCUCU 


1592 


1172 


UCCDGuU u aaaAACC 


1599 


1200 


cuCuGCU c cUcCACA 


1651 


1201 


gCuGCUU u UgaACAg 


1661 


1203 


AcuUUuU u CACcAGu 


1663 


1227 


GGuAcaU a CGOGUgC 


1678 


1228 


GaAGCUU C uUuUgCU 


1680 


1233 


UUCGUuU C CgGagaG 


1681 


1238 


GUgCUGU A UGGuCCu 


1684 


1264 


GAaGGgU c GUgCaaG 


1690 


1267 


uGAgaGU C uGGGgAA 


1691 


1294 


AGgAgAU a CugAGCc 


1696 


1295 


GAggggU C uCAGCAG 


1698 


1306 


GCAGACU C ugAaaUG 


1737 


1321 


gaAGGCU c aGGaGgA 


•1750 


1334 


AACCCAU c uCCuaAa 


1756 


1344 


auGAGCU C gAGaGUg 


1787 


1351 


ugAaUGU a UAAguuA 


1790 


1793 . 


UgGUCCU C gGcugGA 


2173 


1797 


CacCAGU C AcADAaA 


2174 


1802 


acCAGAU c CuggAGa 


2175 


1812 


ACuGgAU c UcaGGCC 


2176 


1813 


CAGCAUU U acccuCA 


2183 


1825 


CCAcGcU A CCUcugC 


2185 


1837 


CAugCCU u uAgCuCc 


2186 


1845 


cgAgcCU A GGCCACc 


2187 



gCGAGAU C ggGgaGG 
GAGgUCU c GgaaGgg 
ccCACCU A CuUUUGU 
aCUgOCU u gGUaGaG 
uCUCUaU u GccCCuG 
GAaggCU C AgGaGGA 
GGaAuGU C ACCaGga 
AguUGuU u UgCuCCC 
cUGuUCU u CCuCauG 
CuguGcU u UGAGAac 
ADGAaAU c aUggUCc 
SfGAcUaU a AUCAUuc 
UUaUguU u AUaACcG 
cuAcCAU C ACcGUGu 
ucaUGGU c cCAGgCG 
CuauAaU C AUucUGG 
ugGUCAU u gOGGGCc 
CAuGCCU u AGCAgcU 
AGCACcU c CCcaccU 
CuUAugU u UAUAACC 
UAugUuU A UAACCGC 
ugUuUAU A ACCGCCA 
GaAAGAU C AgGAuAU 
AgGAuAU A CAaguUA 
ACAaguU A CAgaAGG 
CcCaCCU C CCUGAgC 
gaAACCU u UCCuuuG 
AACCUuU C CuuuGAa 
AGGaCCU C agOCUgG 
aGCCaCU U CCUCuGg 
GCCaCUU C CUCuGgC 
aCUUCCU C uGgCUgu 
cCGGaCU U uCgAUcU 
CGGaCUU u CgAUcUU 
UgCCCAU c ggGGUGG 
CggADAU a ccUGGag 
gAGACcU c UaCCAgc 
gGCgGCU c CACCUca 
gAagCCU u CCuGCCC 
gaGaCAU U GUCCcCA 
GCAUUGU u CUCuaau 
UUagagU U UUACCAG 
UagagUU U UACCAGC 
agagUUU U ACCAGCU 
gagUUUU A CCAGCUA 
ACCAGCU A UUUAUUG 
CAGCUAU U UAUUGAG 
AGCUAUU U AUUGAGU 
GCUAUUU A UUGAGUa 
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1856 


f^rtCTT^C^i iTT it /~/"^?\ 1 iff h * 
v.yy«£V»UU VI CuriULUU 




1861 


«>'»w %*^r>W u ^ i"ni 1 1 fWi y.rTi 


?1 Q£ 


1865 


cAcuDGU A GrOif'Arr 


01 QQ 


1863 






1877 






1901 


uAAaACU C AAHcctA/- 




1912 


AuADaaU a. GADcacrCT 




1922 


UGaAUGU a uAAGUua 




1923 


uGAUGcU c AcGQaUc 




1928 


UUAgAGU u UuaCCaG 


2224 


1930 


AgAGUuU u aCCaGcU 


2226 


1964 


GAGACAU u GuCCCca 


2233 


1983 


AGGAuAU A CAAgOua 


2242 


1996 


aGGAgAU A CCGAgcC 


2248 


2005 


UGgAgCU a GCgGaCc 


2254 


2013 


GCUauuU A UUGaGDA 




2015 


DGCCcAU c GGGgugG 


44 0\J 


2020 




22 oo 


2039 




2274 


2040 


v*uwm»ww V— WUoy/vL£y 


^279 


2057 


otjwUlA»wf VdHLCiiUCC 


2282 


2061 


v-uau-AU c acvjguvjU 


2288 


2071 


WV.UUUV /\ V3UCWw\y 


2291 


2076 


GX7Af5Pr*TT C Irr&nOia 


2321 


2097 


f^aAOiifTT T7 rtifTPiuP 


2338 


2098 


f*A^*AfTTf T O Cr^r**-*/^*—** 


2339 


2115 


WUwttJLU C VsiraggaU 


2341 


2128 




2344 


2130 




2358 


2145 




^•a eft 

2359 


2152 


Cauda AFT n TTarrArrnTT 


2360 


2156 


UUcrAUGU A TIT 71 TAT TT la 


2376 


2158 


cAUGUAD n tXATTrTaarr 


Z.377 


2159 


AUGDAUU U AnnaATTTT 


2378 


2160 


Ur^TTATTTTTT A TTTTa ATITTTT 


2379 


2162 


TTArJTTTTAn TT a RTTTTTTa 


2380 


2163 




2382 


2166 


a r»rTT7fArT TT i^TT&TTTT 


2384 


2167 


ATTrniATTTT T7 aTTrnk^nrT 


2399 


2170 


llATTXTrTnTT TT AaTTfTfTA^ 


2401 


2171 




2411 


2417 


gAAUGGU" a CAuAcGU 




2418 


ActJGGaU C uCAGGcc 


2700 


2425 


CAugGGU c gAGgGuU 


2704 


2426 


AuuaaTJTJ u AGAGuUO 


2711 


2433 


uAGAGuU U uaCCAGc . 


2712 


2434 


AGAGuUU u aCCAGcu 


2721 


2448 


GAaGCCTJ TJ ccOgCcC 


2724 


2449 


AaGCCUTJ c cOgCcCC 


2744 



UAUUTJAU a GAGUacC 
caAcUcD u cUOgAUG 
gcaGcCU c UDADGCJu 
GccOCOU a UgUuUAu 
UcOuccU c AUGcAaG 
aagUUUU A OGUcGGC 
UOTADGU c GGCcugA 
GgAGaCTJ c AgDGgcu 
cuggCAU u GuUCDCU 
CucAGGU a UCcauCC 
UgGaOCU C aGGCCgC 
CUGaCCa C cuGGAGg 
uGGAGCU a gCgGaCC 
UauCcaU C CADccCA 
"CCAauTJ c ACAcOgA 
aDCACAU U CAcGGOg 
UCACAJDU C AcGGUgc 
ggAAuGU C ACCAGGa 
ACCAGaU c CuGgaGa 
GaAggGU c GUgCAaG 
aAGcDGU u ugaGcDG 
UAuAaGTJ U aUggcCU 
caGOgGO u CuCUGCu 
gAAAGAU C AcADGGG 
DGaGACU c CDgccUG 
GaaACcU u UCcUUuG . 
GACcUCU a ccaGcCu 
UOucgAU c uuCXAgC 
CCcagCa c UCagCAG 
CUGCuUTj a gaaCAGA 
aaCCUUTJ C CuuuGAA 
agGUSga U cUOCUga 
gGOGgUU c UUCUgag 
agGgDUrj c OcUAcuG 
DGcUOnrj c ucAUaaG 
aAgnrjrju a TjgOCGGC 
aOUctJCa A UuGcCcC 
aDcCagU a GaCACAA 
AAaCACU A UgfJGGAC 
aagCDgU u CGagCUG 
uACUGGU c AgGaUgC 
AAuGUcU c cGAGGcC 
GAaGcCD u CCDgCCc 
gacCuCU a CCAGCcU 
CCCAGCU c DcagcaG 
gagGucU c GGAAGGG 
GAAGGGU C gUgCaaG 
GGuaCAD a CGuGOGc 
gOTSgGU c cGUGcAG 
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2451 


GCCUguU u ccogccu 


2750 


2452 


CCUguUD C CUgCCUc 


2759 


2455 


gAagCCU u CCUgCCC 


2761 


*1 A Cft 

2459 


CCaCaCu u CCCCCCc 


2765 


2460 


CaCaCUU C COCCCcg 


2769 


Oil "TO 

44 ij 


GAgACCu c UaccAGC 


2797 


44oU 


uuAv-ugu u GugAucc 


2803 


44oJ 


CCaaUGU c AGCCACC 


2804 


44o4 


CUUUuUU c aCCAguc 


2813 




agCACCU C CCCACCU 


2815 


2304 


CCCACcU A CuUDDgu 


2821 


2308 


M Tt— Tf — _ _ Awm*m*^ 

uAucCAU c caUcCCA 


2822 


2309 


uuAgAgu u uUaCCAG 


2823 


43J.U 


UAgAgUU u UaCCAGc 


2829 


ocon. 
4340 


CuuuUGU U CcCAADG 


2837 




CAGcaUU u ACccUcA 


2840 




uvxAiiguu c iUiguauc 


*>ft A 

2847 


434U 


CAGCaGU C cgcOgOG 


2853 




VTugcuviu a ugguccu 


2860 


430O 


guijaAgu c utiucaAA 


2872 


43 /7 


aUAAtiUU A UGgCCUG 


2877 


4303 


cugGCaU U GUuCUCU 


2899 


•5COO 


GCaDUGU u CUCUaaU 


2900 


4391 


UgGUuCU C UgcUCOJ 


2904 


2393 


cUUCUUU XJ GcuCOGc 


2905 


2596 


CUuUUGU u CccaaUG 


2906 


2601 


acCgUGU a UuCgUUU 


2907 


2602 


UCCaGcU a cCAUccC 


2908 


2607 


cUcGgAU a UacCOGG 


2909 


2608 


caGCAgU c CgCDGuG 


2910 


2609 


gGaAUgU C ACcaGGA 


2911 


2620 


aGGAcCU c aCcCUgc 


2912 


2626 


UUuCgaU c UUcCAGC 


2913 


2628 


GCACacU U GuAGCcu 


2914 


OCT C 
4033 


UuCAGCU C CgGUccu 


2915 - 


2640 


ggCCuGU U DCCUGCc 


2916 


404X 


cCCAGcU c uCaGCAG 


2917 




CCuGUUU C CUGCcuc 


2918 


2633 


uAcUGgU C AGGaUgC 


2919 


2639 


gaAGGGU C'gUGCAAG 


2931 


O f Oft 

2689 


CuAAuGU c UccGAGG 


2933 


Oft A 1 

2941 


GagACAU U GuCCccA 




2951 


CCAcgCU a COJcUGc 




2952 


CAGcagU C CgcOGUG 




2955 


AgUgaCD c UGUGUcA 




2956 


uUUCCUU U GaaUcAa 




2961 


UcUGUGU c AGccAcU 




2962 


aUGUaUU u aUDAAUu 




2965 


UuUgAaU c AAUAAAG 





UAUuUaU u GAguAcC 
cCggaCU u UCGaUCU 
AgGacCU C aCcCDGc 
UuUuGCU C UGcCgCu 
agUCUGU C AaaCAGG 
aUGaAAU C AUGGUcC 
UCADGGU c CcagGCg 
ggUGGgU C cgUGCAG 
CUcCgGU C cUGACCc 
aCAGUCU a cAaCUUU 
cUGACCU c cUGGagg 
gGAgCcU c cGGaCUu 
ugCCUUU a GcuCcCA 
cUGGaCU a uAaUcAU 
AgGDGgU u CUuCuga 
OGAgaCU C CugCCUg 
CCaAuga C AGCCaCC 
gCAGCCU C uUauGUu 
gCcaAGU A aCUGuGA 
GGACCuU c aGCcaAg 
uUccGCU a cCAuCAC 
cGgAcuU D cGAUcDU 
uuAAuDU a GAgOUUU 
AcUUcAU U cUcUaUU 
cDUcADU c UcUaUUg 
UUGADgU a UUUaUUa 
UGuaDUU a UUaaUUU 
GAagcUU c OUDUgcU 
AgcDUcU U UUgcUca 
UgUaUUU a UUaaUUU 
UgUaUUU a UUaaUUU 
UUgUUcU c UaaUgUC 
UUUcUcU a cUggUCA 
UgcUUUU c UcaUaAG 
aUUUaUU a aUUuAGA 
UaUUcgU U UcCgGAG 
aUUcgUU U cCgGAGA 
UUcgUUU c CgGAGAg 
UUcUcaU a AGgGuCG 
ugGaGGU C UCGgAAg 
GaGGUCU C GgAAggg 
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2966 


GcUgGcU A gcAgAGg 


2969 


AaOcAAO A AAGuDUU 


2975 


CAgAGuD U UacCAgC 


2976 


gAgGgUU U CDCuACU 


2977 


AAGCDgU u UgAgCUG 


2979 


uCaUUCU C uAuUGCC 
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Table 4 

Human ICAM HH Ribozyme Sequences 

nt. Position Ribozyme Sequence 



11 CAGCGOC OTGAUGAGGCCGAAAGGCCGAA ACDGGGG 

23 AGCAGAG OTGAUGAGGCCGAAAGGCCGAA AGCUCAG 

26 AGOAGCA COGAUGAGGCCGAAAGGCCGAA AGGAGCU 

31 CCCOGAG CUGAUGAGGCCGAAAGGCCGAA AGCAGAG 

34 CAACUCU CDGADGAGGCCGAAAGGCCGAA AGOAGCA 

40 AGGUUGC COGAUGAGGCCGAAAGGCCGAA ACUCCGA 

48 CGAGGCU COGAUGAGGCCGAAAGGCCGAA AGGUUGC 

54 CCAUAGC COGAUGAGGCCGAAAGGCCGAA AGGCUGA 

58 GGAGCCA COGADGAGGCCGAAAGGCCGAA AGCGAGG 

64 COGCDGG COGADGAGGCCGAAAGGCCGAA AGCCAOA 

96 GGACCAG COGADGAGGCCGAAAGGCCGAA AGCGCGG 

102 CGAGCAG COGAUGAGGCCGAAAGGCCGAA ACCAGGA 

108 GAGCCCC COGAUGAGGCCGAAAGGCCGAA ACCAGGA 

115 GGGAACA COGADGAGGCCGAAAGGCCGAA AGCCCCG 

119 UCCUGGG COGADGAGGCCGAAAGGCCGAA ACAGAGC 

120 GOCCOGG COGADGAGGCCGAAAGGCCGAA AACAGAG 
146 GGACACA COGADGAGGCCGAAAGGCCGAA ADGDCCG 
152 OGAGGGG COGADGAGGCCGAAAGGCCGAA ACACAGA 
158 GACOOOU COGAUGAGGCCGAAAGGCCGAA AGGGGGA 
165 GCAGGAD COGADGAGGCCGAAAGGCCGAA ACOOOOG 
168 GGGGCAG COGADGAGGCCGAAAGGCCGAA AUGACOU 
185 CAGCACG COGADGAGGCCGAAAGGCCGAA AGCCOCC 
209 GOCACAG COGADGAGGCCGAAAGGCCGAA AGGOGOJ 
227 GCCCAAC COGAUGAGGCCGAAAGGCCGAA ACOOGGG 
230 OADGCCC COGADGAGGCCGAAAGGCCGAA ACAACUU 
237 GGGOCOC COGADGAGGCCGAAAGGCCGAA AUGCCCA 
248 OUUAGGC COGAUGAGGCCGAAAGGCCGAA ACGGGGU 
2S3 OCCOOOO COGADGAGGCCGAAAGGCCGAA AGGCAAC 
263 CAGGAGC COGADGAGGCCGAAAGGCCGAA ACOCCOU 
267 CAGGCAG COGADGAGGCCGAAAGGCCGAA AGCAAOJ 
293 CAGODCA COGADGAGGCCGAAAGGCCGAA ACACCDU 
319 GGUUGGC COGADGAGGCCGAAAGGCCGAA ADCODCD 
335 GUUUGAA CXK3AOGAGGCCGAAAGGCCGAA AGCACAU 

337 CAGOOOG C0GAO3AGGCCGAAAGGCCGAA AUAGCAC 

338 GCAGOOO COGADGAGGCCGAAAGGCCGAA AAUAGCA 
359 AGCUGUU CUGAUGAGGCCGAAAGGCCGAA ACOGCCC 
367 AAGGOUO COGAUGAGGCCGAAAGGCCGAA AGCOGOO 

374 GGUGAGG CUGAUGAGGCCGAAAGGCCGAA AGGUUUO 

375 CGGOGAG COGAUGAGGCCGAAAGGCCGAA AAGGOOU 
378 ACACGGU COGADGAGGCCGAAAGGCCGAA AGGAAGG 
386 AGOCCAG COGADGAGGCCGAAAGGCCGAA ACACGGU 
394 CGOOCOG COGADGAGGCCGAAAGGCCGAA AGOCCAG ' 
420 AAGAGGG COGADGAGGCCGAAAGGCCGAA AGGGGDG 
425 COGCCAA COGADGAGGCCGAAAGGCCGAA AGGGGAG 
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427 GGCUGCC COGAOGAGGCCGAAAGGCCGAA AGAGGGG 

450 GUAGGGU OX2ADGAGGCCGAAAGGCCGAA AGGOOCU 

451 CGUAGGG COGAOGAGGCCGAAAGGCCGAA AAGGUUC 
456 GGCAGCG COGAOGAGGCCGAAAGGCCGAA AGGGUAA 
495 CCACGGO CDGAD3AGGCCGAAAGGCCGAA AGGOOGG 
510 CCCCACG COGAOGAGGCCGAAAGGCCGAA AGCAGCA 
564 DGGUCGU COGAOGAGGCCGAAAGGCCGAA ACCOCAG 
592 CCADGGU COGAOGAGGCCGAAAGGCCGAA ADCOCOC 

607 CACGAGA COGAOGAGGCCGAAAGGCCGAA ADOGGCO 

608 GCACGAG COGAOGAGGCCGAAAGGCCGAA AAOOGGC 

609 GGCACGA COGAOGAGGCCGAAAGGCCGAA AAAOOGG 
. 611 GCGGCAC COGAOGAGGCCGAAAGGCCGAA AGAAAOU 

656 GOOCOCA COGAOGAGGCCGAAAGGCCGAA ACAGCOC 

657 OGOOCOC COGAOGAGGCCGAAAGGCCGAA AACAGCO 
668 GGGGGCC COGAOGAGGCCGAAAGGCCGAA AGGOGOU 
677 GAGCOGG COGAOGAGGCCGAAAGGCCGAA AGGGGGC 
634 AGGOCOG COGAOGAGGCCGAAAGGCCGAA AGCOGGU 

. 692 CAGGACA COGAOGAGGCCGAAAGGCCGAA AGGOCOG 

693 GCAGGAC COGAOGAGGCCGAAAGGCCGAA AAGGOCO 

696 COGGCAG COGAOGAGGCCGAAAGGCCGAA ACAAAGG 

709 OGOGGGG COGAOGAGGCCGAAAGGCCGAA AGOCGCO 

720 GGCOGAC COGAOGAGGCCGAAAGGCCGAA AGOOGOG 

723 GGGGGCU COGAOGAGGCCGAAAGGCCGAA ACAAGOO 

735 CCOCOAG COGAOGAGGCCGAAAGGCCGAA ACCCGGG 

738 CCACCOC COGAOGAGGCCGAAAGGCCGAA AGGACCC 

765 GGGAACA COGAOGAGGCCGAAAGGCCGAA ACCACGG 

769 : OCCAGGG COGAOGAGGCCGAAAGGCCGAA ACAGACC 

770 GOCCAGG COGAOGAGGCCGAAAGGCCGAA AACAGAC 

785 GACOGGG COGAOGAGGCCGAAAGGCCGAA ACAGCCC 

786 AGACOGG COGAOGAGGCCGAAAGGCCGAA AACAGCC 
792 CCOCCGA COGAOGAGGCCGAAAGGCCGAA ACOGGGA 
794 GGCCOCC COGAOGAGGCCGAAAGGCCGAA AGACOGG 
807 CCAGGOG COGAOGAGGCCGAAAGGCCGAA ACCOGGG 
833 GGGGOOC COGAOGAGGCCGAAAGGCCGAA ACCOCOG 
946 CAOAGGO COGAOGAGGCCGAAAGGCCGAA ACOGOGG 
851 - GOOGCCA COGAOGAGGCCGAAAGGCCGAA AGGOGAC 
863 CGAGAAG COGACB3AGGCCGAAAGGCCGAA AGOCGOO 

866 GGCCGAG COGAOGAGGCCGAAAGGCCGAA AGGAGOC 

867 OGGCCGA COGAOGAGGCCGAAAGGCCGAA AAGGAGU 
869 COOGGCC COGAOGAGGCCGAAAGGCCGAA AGAAGGA 
881 AGOGACO COGAOGAGGCCGAAAGGCCGAA AGGCCOO 
885 OCACACO COGAOGAGGCCGAAAGGCCGAA ACOGAGG 
333 CCAGOAU COGAOGAGGCCGAAAGGCCGAA ACOGCAC 
936 OCCCCAG COGAOGAGGCCGAAAGGCCGAA AOOACOG 
978 AGCOGUA COGAOGAGGCCGAAAGGCCGAA AUGGOCA 
980 AAAGCOG COGAOGAGGCCGAAAGGCCGAA AGADGGO 

986 CGCCGGA COGAOGAGGCCGAAAGGCCGAA AGCOGOA 

987 GCGCCGG COGAOGAGGCCGAAAGGCCGAA AAGCOGO 

988 GGCGCCG COGAOGAGGCCGAAAGGCCGAA AAAGCOG 
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1005 DCGDCAG CDGADGAGGCCGAAAGGCCGAA AUCACGU 

1006 UUCGUCA CUGADGAGGCCGAAAGGCCGAA AAOCACG 
1023 CUUCDGA CXJGAOSAGGCCGAAAGGCCGAA ACCOCDG 
1025 CCCUUCD CUGADSAGGCCGAAAGGCCGAA AGACCDC 
1066 UCGGCUC CUGADGAGGCCGAAAGGCCGAA AGGGCGG 
1092 GGGCOGG CUGADGAGGCCGAAAGGCCGAA ACCCCAU 
1033 UGGGCDG OJGADGAGGCCGAAAGGCCGAA AACCCCA 
ll 25 UCAGCAG OJGADGAGGCCGAAAGGCCGAA AGCUGGG 

GCAGGAG CDGADGAGGCCGAAAGGCCGAA AGCOGCG 
11 64 AGCAGGA OJGADGAGGCCGAAAGGCCGAA AAGCTGC 

H g6 AGAGCAG CUGADGAGGCCGAAAGGCCGAA AGAAGCU 

1172 GGDDGCA CUGADGAGGCCGAAAGGCCGAA AGCAGGA 

1200 UUJGUAD CDGADGAGGCCGAAAGGCCGAA AGCDGGC 

1201 DUGUGUA CUGADGAGGCCGAAAGGCCGAA AAGCDGG 
1203 DCDOGUG CUGADGAGGCCGAAAGGCCGAA ADAAGCU 

1227 GGACACG CUGADGAGGCCGAAAGGCCGAA AGCUCCC 

1228 AGGACAC CDGADGAGGCCGAAAGGCCGAA AAGCDCC 
1233 CADACAG CUGADGAGGCCGAAAGGCCGAA ACACGAA 
1238 GGGGCCA CDGADGAGGCCGAAAGGCCGAA ACAGGAC 
1264 CCCGGAC CDGADGAGGCCGAAAGGCCGAA ADCCCDC 
12 67 UDDCCCG CDGADGAGGCCGAAAGGCCGAA ACAADCC 

1294 UGCDGGG CUGADGAGGCCGAAAGGCCGAA ADDOUCD 

1295 CDGCDGG CUGADGAGGCCGAAAGGCCGAA AADOUUC 
1306 CACADDG CDGADGAGGCCGAAAGGCCGAA AGDCDGC 
1321 DDCCCCC CDGADGAGGCCGAAAGGCCGAA AGCCDGG 
1334 CDCGGGC CUGADGAGGCCGAAAGGCCGAA ADGGGOU 
1344 GACACDU CDGADGAGGCCGAAAGGCCGAA AGCDCGG 
1351 * DCCDDDA CUGADGAGGCCGAAAGGCCGAA ACACDDG 
1353 CADCCOU C0GAD3AGGCCGAAAGGCCGAA AGACACU 

1366 AGDGGGA CDGADGAGGCCGAAAGGCCGAA AGDGCCA 

1367 CAGDGGG CUGADGAGGCCGAAAGGCCGAA AAGDGCC 

1368 GCAGDGG CDGADGAGGCCGAAAGGCCGAA AAAGDGC 
1380 ADDCCCC CUGADGAGGCCGAAAGGCCGAA ADGGGCA 
1388 AGDCACD CDGADGAGGCCGAAAGGCCGAA ADDCCCC 
1398 CUCGAGU CUGADGAGGCCGAAAGGCCGAA ACAGDCA 
1402 . AGADCDC CUGADGAGGCCGAAAGGCCGAA AGUGACA 
1408 CCCDCAA CDGADGAGGCCGAAAGGCCGAA ADCDCGA 
1410 . DGCCCOC CDGAIXSAGGCCGAAAGGCCGAA AGADCDC 
142 1 ACAGAGG CUGADGAGGCCGAAAGGCCGAA AGGDGCC 
1425 CCCGACA CUGADGAGGCCGAAAGGCCGAA AGGDAGG 
1429 CUGGCCC CDGADGAGGCCGAAAGGCCGAA ACAGAGG 

. . 1444 DCCCCUD CDGADGAGGCCGAAAGGCCGAA AGUGCDC 

1455 CGCGGGD CDGADGAGGCCGAAAGGCCGAA ACCUCCC 

* 1482 GGGGGGA CUGADGAGGCCGAAAGGCCGAA AGCACAD 

1484 CCGGGGG CDGADGAGGCCGAAAGGCCGAA AGAGCAC 

1493 AADCDCA CDGADGAGGCCGAAAGGCCGAA ACCGGGG 

1500 DGADGAC CDGADGAGGCCGAAAGGCCGAA ADCDCAD 

1503 DGADGAD CDGADGAGGCCGAAAGGCCGAA ACAAUCU 

1506 CAGDGAU CDGADGAGGCCGAAAGGCCGAA ADGACAA 
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1509 CCACAGU CDGADGAGGCCGAAAGGCCGAA AUGADGA 

1518 CGGCUGC CDGADGAGGCCGAAAGGCCGAA ACCACAG 

1530 CCADUAU CDGADGAGGCCGAAAGGCCGAA ACDGCGG 

1533 UGCCCAU CDGADGAGGCCGAAAGGCCGAA ADGACUG 

1551 ACGUGCU CDGADGAGGCCGAAAGGCCGAA AGGCCDG 

1559 AUAGAGG. CDGADGAGGCCGAAAGGCCGAA ACGOGCU 

1563 GGOOADA CDGADGAGGCCGAAAGGCCGAA AGGDACG 

1565 GCGGUDA CDGADGAGGCCGAAAGGCCGAA AGAGGDA 

15 * 7 UGGCGGU CDGADGAGGCCGAAAGGCCGAA AUAGAGG 

1584 AUUUCOU CDGADGAGGCCGAAAGGCCGAA ADCDCCC 

1592 DAGUCUG CDGAUGAGGCCGAAAGGCCGAA AUDDCUU 

1599 CCDGUDG CDGADGAGGCCGAAAGGCCGAA AGDCDGU 

1651 GUUCAGG CDGADGAGGCCGAAAGGCCGAA AGGCGUG 

1661 CCCGGGA CDGADGAGGCCGAAAGGCCGAA AGGUOCA 

1663 GDCCCGG CDGADGAGGCCGAAAGGCCGAA ADAGGUU 

1678 CGAGGAA CDGADGAGGCCGAAAGGCCGAA AGGCCCD 

1680 GCCGAGG CDGADGAGGCCGAAAGGCCGAA AGAGGCC 

1681 GGCCGAG CDGADGAGGCCGAAAGGCCGAA AAGAGGC 
1684 GAAGGCC CDGADGAGGCCGAAAGGCCGAA A6GAAGA 

1690 AUADGGG CDGADGAGGCCGAAAGGCCGAA AGGCCGA 

1691 AADADGG CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
1696 CCACCAA CDGADGAGGCCGAAAGGCCGAA ADGGGAA 
1698 DGCCACC CDGADGAGGCCGAAAGGCCGAA ADADGGG 
1737 CADGGCA CDGADGAGGCCGAAAGGCCGAA ADGOCOU 
1750 GDAGGDG CDGADGAGGCCGAAAGGCCGAA AGCDGCA 
1756 GGGCCGG CDGADGAGGCCGAAAGGCCGAA AGGDGDA 
1787 DGAGGAC CDGADGAGGCCGAAAGGCCGAA ADGCCCO 
1790 GACUGAG CDGADGAGGCCGAAAGGCCGAA ACAADGC 
1793 UCOGACD CDGADGAGGCCGAAAGGCCGAA AGGACAA 
1797 DGUADCU CDGADGAGGCCGAAAGGCCGAA ACDGAGG 
1802 GCDGDDG CDGADGAGGCCGAAAGGCCGAA ADCDGAC 

1812 .GGCCCCA CDGADGAGGCCGAAAGGCCGAA ADGCDGD 

1813 DGGCCCC CDGADGAGGCCGAAAGGCCGAA AADGCUG 
1825 GDGCAGG CDGADGAGGCCGAAAGGCCGAA ACCADGG 
1837 AGDGUDU CDGADGAGGCCGAAAGGCCGAA AGGDGDG 
1845 CGUGGCC CDGADGAGGCCGAAAGGCCGAA AGDGDUD 
1856 CAGAUCA CDGAUGAGGCCGAAAGGCCGAA ADGCGDG 
1861 GACOACA CDGADGAGGCCGAAAGGCCGAA AUCAGAU 
1865 ADGUGAC CDGADGAGGCCGAAAGGCCGAA ACAGADC 
1868 GOCADGD CDGADGAGGCCGAAAGGCCGAA ACUACAG • 
1877 CDDGGCD CDGADGAGGCCGAAAGGCCGAA AGDCADG 
1301 ADGDCDU CDGADGAGGCCGAAAGGCCGAA AGDCDDG 
1912 ADCCADC CDGADGAGGCCGAAAGGCCGAA ADCADGU 

1922 AGACUUD CDGADGAGGCCGAAAGGCCGAA ACADCCA 

1923 DAGACDU CDGADGAGGCCGAAAGGCCGAA AACADCC 
. 1328 CAGGCOA CDGADGAGGCCGAAAGGCCGAA ACDDDAA 

1930 ADCAGGC CDGADGAGGCCGAAAGGCCGAA AGACDDU 

1964 GDGGGGC CDGADGAGGCCGAAAGGCCGAA ADGDCUC 

1983 CCAGDUG CDGADGAGGCCGAAAGGCCGAA ADGDCCD 
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1996 GUUDCAG OJGADGAGGCCGAAAGGCCGAA AUUUCCC 

2005 AGGCAGC CUGADGAGGCCGAAAGGCCGAA AGUUUCA 

2013 UACCCAA CUGADGAGGCCGAAAGGCCGAA AGGCAGC 

2015 CAUACCC CUGADGAGGCCGAAAGGCCGAA AUAGGCA 

2020 COCAGCA CUGADGAGGCCGAAAGGCCGAA ACCCAAU 

2039 CDUCUGU cugadgaggccgaaaggccgaa agucugu 

2040 UCUUCUG CUGADGAGGCCGAAAGGCCGAA AAGUCUG 
2057 GUCUADG CUGADGAGGCCGAAAGGCCGAA AGGGCCA 
2061 ACAUGUC CUGADGAGGCCGAAAGGCCGAA ADGGAGG 
2071 UUGAUGC CUGADGAGGCCGAAAGGCCGAA ACACACG 
2076 GCGUUUU CUGADGAGGCCGAAAGGCCGAA ADGCUAC 

2097 CGUCAGG CUGADGAGGCCGAAAGGCCGAA AGUGUGG 

2098 CCGUCAG CUGADGAGGCCGAAAGGCCGAA AAGCGGG 
2115 AGUGCCC CUGADGAGGCCGAAAGGCCGAA AGCUGGC 
2128 GUCAGUA CUGADGAGGCCGAAAGGCCGAA ACAGCAG 
2130 GGGUCAG CUGADGAGGCCGAAAGGCCGAA AGACAGC 
2145 UADCADC CUGADGAGGCCGAAAGGCCGAA AGGGUDG 
2152 AAADACA CUGADGAGGCCGAAAGGCCGAA ADCADCA 
2156 GAADAAA CUGADGAGGCCGAAAGGCCGAA ACADAUC 

2158 ADGAADA CUGADGAGGCCGAAAGGCCGAA ADACADA 

2159 AADGAAD CDGAUGAGGCCGAAAGGCCGAA AAUACAU 

2160 AAADGAA CUGADGAGGCCGAAAGGCCGAA AAADACA 

2162 ACAAADG CUGADGAGGCCGAAAGGCCGAA ADAAAUA 

2163 AACAAAD CUGADGAGGCCGAAAGGCCGAA AAUAAAU 

2166 AAUAACA CUGADGAGGCCGAAAGGCCGAA ADGAADA 

2167 AAADAAC CUGADGAGGCCGAAAGGCCGAA AAUGAAU 

2170 GUAAAAU CUGADGAGGCCGAAAGGCCGAA ACAAAUG 

2171 GGUAAAA CUGADGAGGCCGAAAGGCCGAA AACAAAU 

2173 CUGGUAA CUGADGAGGCCGAAAGGCCGAA ADAACAA 

2174 GCUGGUA CDGAUGAGGCCGAAAGGCCGAA AAUAACA 

2175 AGCUGGU CUGADGAGGCCGAAAGGCCGAA AAADAAC 

2176 UAGCUGG CUGADGAGGCCGAAAGGCCGAA AAAAUAA 
2183 CAADAAA CUGADGAGGCCGAAAGGCCGAA AGCUGGU 

2185 CUCAADA CUGADGAGGCCGAAAGGCCGAA AUAGCUG 

2186 ACUCAAU CUGADGAGGCCGAAAGGCCGAA AADAGCU 

2187 CACUCAA CUGADGAGGCCGAAAGGCCGAA AAADAGC 
2189 GACACUC CCRGADGAGGCCGAAAGGCOGAA ADAAAUA 
2196 CADAAAA CUGADGAGGCCGAAAGGCCGAA ACACUCA 

2198 UACAUAA CUGADGAGGCCGAAAGGCCGAA AGACACU 

2199 CUACAUA CUGADGAGGCCGAAAGGCCGAA AAGACAC 

2200 CCUACAD CUGADGAGGCCGAAAGGCCGAA AAAGACA 

2201 GCCDACA CUGADGAGGCCGAAAGGCCGAA AAAAGAC 
2205 UUUAGCC CUGADGAGGCCGAAAGGCCGAA ACADAAA 
2210 GUUCADU CUGADGAGGCCGAAAGGCCGAA AGCCUAC 
2220 AGAGACC CUGADGAGGCCGAAAGGCCGAA ADGUUCA 
2224 GGCCAGA CUGADGAGGCCGAAAGGCCGAA ACCUADG 
2226 GAGGCCA CUGADGAGGCCGAAAGGCCGAA AGACCUA 
2233 GCUCCGU CUGADGAGGCCGAAAGGCCGAA AGGCCAG 
2242 GGACUGG CUGADGAGGCCGAAAGGCCGAA AGCDCCG 
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2248 DGACADG CUGADGAGGCCGAAAGGCCGAA ACUGGGA 

2254 UGAADGU CUGADGAGGCCGAAAGGCCGAA ACADGGA 

2259 GACCDOG CUGADGAGGCCGAAAGGCCGAA ADGOGAC 

2260 UGACCUU CUGADGAGGCCGAAAGGCCGAA AADGDGA 
2266 ACCUGGU CUGADGAGGCCGAAAGGCCGAA ACCDUGA 
2274 ACAACUG CUGADGAGGCCGAAAGGCCGAA ACCUGGU 
2279 CCUGUAC CUGADGAGGCCGAAAGGCCGAA ACUGOAC 
2282 CAACCUG CUGADGAGGCCGAAAGGCCGAA ACAACUG 
2288 AGUGOAC CUGADGAGGCCGAAAGGCCGAA ACCUGUA 
2291 UGCAGDG CUGADGAGGCCGAAAGGCCGAA ACAACCU 
2321 CCCADDU CUGADGAGGCCGAAAGGCCGAA AUCUUUD 

2338 CAADGAG CUGADGAGGCCGAAAGGCCGAA AGUCCCA 

2339 CCAADGA CUGADGAGGCCGAAAGGCCGAA AAGDCCC 
2341 GGCCAAD CUGADGAGGCCGAAAGGCCGAA AGAAGDC 
2344 GUUGGCC CUGADGAGGCCGAAAGGCCGAA ADGAGAA 

2358 CDGGGGA CUGADGAGGCCGAAAGGCCGAA AGGCAGG 

2359 UCOGGGG CUGADGAGGCCGAAAGGCCGAA AAGGCAG 

2360 UDCDGGG CUGAUGAGGCCGAAAGGCCGAA AAAGGCA 

2376 ADAGAAA CUGADGAGGCCGAAAGGCCGAA ADCACDC 

2377 GADAGAA CUGADGAGGCCGAAAGGCCGAA AADCACD 

2378 CGADAGA CUGADGAGGCCGAAAGGCCGAA AAADCAC 

2379 CCGADAG CUGADGAGGCCGAAAGGCCGAA AAAAUCA 

2380 GCCGADA CUGADGAGGCCGAAAGGCCGAA AAAAADC 
2382 GUGCCGA CUGAUGAGGCCGAAAGGCCGAA AGAAAAA 
2384 UUGUGCC CUGADGAGGCCGAAAGGCCGAA ADAGAAA 
2399 GUCCAUA CUGADGAGGCCGAAAGGCCGAA AGUGCUU 
2401 CAGUCXA CUGADGAGGCCGAAAGGCCGAA AUAGDGC 
2411 GAACCAD CUGADGAGGCCGAAAGGCCGAA ACCAGDC 

2417 ACCUGUG CUGADGAGGCCGAAAGGCCGAA ACCADDA 

2418 AACCDGU CUGADGAGGCCGAAAGGCCGAA AACCADU 

2425 ADCUCUG CUGADGAGGCCGAAAGGCCGAA ACCUGUG 

2426 AADCDCU CUGADGAGGCCGAAAGGCCGAA AACCUGU 

2433 ACUGGGU CUGADGAGGCCGAAAGGCCGAA ADCUCUG 

2434 CACUGGG CUGAUGAGGCCGAAAGGCCGAA AAUCUCU 

2448 GAGGAAD CUGADGAGGCCGAAAGGCCGAA AGGCCUC 

2449 GGAGGAA CDGADGAGGCCGAAAGGCCGAA AAGGCCU 

2451 AGGGAGG CUGADGAGGCCGAAAGGCCGAA ADAAGGC 

2 452 AAGGGAG CUGADGAGGCCGAAAGGCCGAA AADAAGG 
2455 GGGAAGG CUGAUGAGGCCGAAAGGCCGAA AGGAADA 

2459 UGGGGGG CDGADGAGGCCGAAAGGCCGAA AGGGAGG 

2460 UDGGGGG CDGADGAGGCCGAAAGGCCGAA AAGGGAG 

2479 GCOAACA CUGAUGAGGCCGAAAGGCCGAA AGGUGUC 

2480 GGCUAAC CUGADGAGGCCGAAAGGCCGAA AAGGUGU 

2483 GGUGGCU CUGADGAGGCCGAAAGGCCGAA AjCAAAGG 

2484 AGGUGGC CUGAUGAGGCCGAAAGGCCGAA AACAAAG 
2492 GGGUGGG CUGAUGAGGCCGAAAGGCCGAA AGGUGGC 
250 4 AGAAADG CDGADGAGGCCGAAAGGCCGAA ADGUGGG 

2508 UGGCAGA CUGAUGAGGCCGAAAGGCCGAA ADGUADG 

2509 CUGGCAG CUGADGAGGCCGAAAGGCCGAA AADGDAU 
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2510 ACUGGCA CUGAUGAGGCCGAAAGGCCGAA AAADGUA 

2520 CADUGUG CUGAUGAGGCCGAAAGG033AA ACACUGG 

2521 UCADUGU CUGADGAGGCCGAAAGGCCGAA AACACUG 
2533 GACCGCO COGAUGAGGCCGAAAGGCCGAA AGUGUCA 
2540 CAGACAU CUGADGAGGCCGAAAGGCCGAA ACCGCUG 
2545 AUGUCCA CUGAUGAGGCCGAAAGGCCGAA ACADGAC 
2568 UUGGGCA CUGADGAGGCCGAAAGGCCGAA ADUCCCU 
2579 CAAGGCA CUGADGAGGCCGAAAGGCCGAA AGCUDGG 
2585 AGAGGAC OJGADGAGGCCGAAAGGCCGAA AGGCAUA 
2588 ACAAGAG CUGADGAGGCCGAAAGGCCGAA ACAAGGC 
2591 AGGACAA CUGADGAGGCCGAAAGGCCGAA AGGACAA 
2593 ACAGGAC CUGADGAGGCCGAAAGGCCGAA AGAGGAC 
2596 CAAACAG CUGADGAGGCCGAAAGGCCGAA ACAAGAG 

2601 AAAUGCA CUGADGAGGCCGAAAGGCCGAA ACAGGAC 

2602 GAAAUGC CUGADGAGGCCGAAAGGCCGAA AACAGGA 

2607 CCAGDGA CUGADGAGGCCGAAAGGCCGAA AUGCAAA 

2608 CCCAGUG CUGADGAGGCCGAAAGGCCGAA AADGCAA 

2609 UCCCAGU CUGAUGAGGCCGAAAGGCCGAA AAADGCA 
2620 ADAGUGC CUGADGAGGCCGAAAGGCCGAA AGCUCCC 
2626 GCUGCAA CUGADGAGGCCGAAAGGCCGAA AGUGCAA 
2628 GAGCUGC CUGADGAGGCCGAAAGGCCGAA ADAGUGC 
2635 GAAACUG CUGADGAGGCCGAAAGGCCGAA AGCUGCA 

2640 UGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACUGGAG 

2641 CUGCAGG OJGAn2AGGCXX3AAAGC<»^ AACUGGA 

2642 ACDGCAG CUGADGAGGCCGAAAGGCCGAA AAACUGG 
2653 GGACCCU CUGADGAGGCCGAAAGGCCGAA AUCACUG 
2659 CUUGCAG CUGADGAGGCCGAAAGGCCGAA ACCCUGA 
2689 CCUCCAA CUGADGAGGCCGAAAGGCCGAA ACCUUGG 
2691 GUCCUCC CUGADGAGGCCGAAAGGCCGAA ADACCUU 
2700 UGGGAGG CUGADGAGGCCGAAAGGCCGAA AGUCCUC 
2704 AAGCUGG CUGADGAGGCCGAAAGGCCGAA AGGGAGU 

2711 CCUUCCA CUGADGAGGCCGAAAGGCCGAA AGCUGGG 

2712 CCCUUCC CUGADGAGGCCGAAAGGCCGAA AAGCUGG 
2721 CGCGGAU CUGADGAGGCCGAAAGGCCGAA ACCCUUC 
2724 ACACGCG CUGAUGAGGCCGAAAGGCCGAA ADGACCC 
2744 CUACACA CUGADGAGGCCGAAAGGCCGAA ACACACA 
2750 GCUUGUC CUGADGAGGCCGAAAGGCCGAA ACACADA 
2759 AGAGCGA CUGAUGAGGCCGAAAGGCCGAA AGCUUGU 
2761 ACAGAGC CUGADGAGGCCGAAAGGCCGAA AGAGCUU 
2765 GGUGACA CUGADGAGGCCGAAAGGCCGAA AGCGAGA 
2769 CCUGGGU CUGAUGAGGCCGAAAGGCCGAA ACAGAGC 
2797 GAACCAU CUGADGAGGCCGAAAGGCCGAA ADUGCAC 

2803 DGCAGUG CUGADGAGGCCGAAAGGCCGAA ACCADGA 

2804 CUGCAGU CUGADGAGGCCGAAAGGCCGAA AACCADG 
2813 AGGUCAA CUGAUGAGGCCGAAAGGCCGAA ACUGCAG 
2815 AAAGGUC CUGADGAGGCCGAAAGGCCGAA AGAGUGC 

2821 AGCCCAA CUGAUGAGGCCGAAAGGCCGAA AGGUCAA 

2822 GAGCCCA CUGADGAGGCCGAAAGGCCGAA AAGGUCA 

2823 UGAGCCC CUGADGAGGCCGAAAGGCCGAA AAAGGUC 
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2829 AUCACUU OTGM3GAGGCCGAAAGGCCGAA AGCCCAA 

2837 GOGGGAG CUGADGAGGCCGAAAGGCCGAA AUCACUU 

2840 GAGGUGG CUGADGAGGCCGAAAGGCCGAA AGGADCA 

2847 GGAGGCU CUGADGAGGCCGAAAGGCCGAA AGGDGGG 

2853 UACDCAG CDGADGAGGCCGAAAGGCCGAA AGGCOGA 

2860 UCCCAGC CDGADGAGGCCGAAAGGCCGAA ACDCAGG 

2872 GUGAGCC CDGADGAGGCCGAAAGGCCGAA ADGGDCC 

2877 GDGUDGU CDGADGAGGCCGAAAGGCCGAA AGCCOAU 

2899 AAAADCA CDGADGAGGCCGAAAGGCCGAA ADDUGCC 

2900 AAAAADC CDGADGAGGCCGAAAGGCCGAA AADDDGC 

2904 AAAAAAA CDGADGAGGCCGAAAGGCCGAA ADCAAAU 

2905 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AADCAAA 

2906 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAADCAA 

2907 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAADCA 

2908 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAADC 

2909 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAD 

2910 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2911 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2912 GAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2913 UGAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2914 CDGAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2915 DCOGAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2916 CDCDGAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2917 DCOCDGA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2918 GDCOCDG CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2919 CGOCDCU CDGADGAGGCCGAAAGGCCGAA AAAAAAA 
2931 GODGCGA CDGADGAGGCCGAAAGGCCGAA ACCCCGvJ 
2933 ADGDDGC CDGADGAGGCCGAAAGGCCGAA AGACCCC 
2941 DCDGGGC CUGADGAGGCCGAAAGGCCGAA ADGDDGC 

2951 . ACAAAGG CDGADGAGGCCGAAAGGCCGAA AGDCDGG 

2952 CACAAAG CDGADGAGGCCGAAAGGCCGAA AAGDCDG 

2955 DAACACA CDGADGAGGCCGAAAGGCCGAA AGGAAGU 

2956 CDAACAC CDGADGAGGCCGAAAGGCCGAA AAGGAAG 

2961 ADUAACU CDGADGAGGCCGAAAGGCCGAA ACACAAA 

2962 UADDAAC CDGADGAGGCCGAAAGGCCGAA AACACAA 

2965 CDODADU CDGADGAGGCCGAAAGGCCGAA ACUAACA 

2966 GCUUUAU CDGADGAGGCCGAAAGGCCGAA AACDAAC 
2969 AAAGCDD CDGADGAGGCCGAAAGGCCGAA ADUAACU 

2975 GDOGAGA CDGADGAGGCCGAAAGGCCGAA AGCUUUA 

2976 AGUUGAG CDGADGAGGCCGAAAGGCCGAA AAGCDDU 

2977 CAGDDGA CDGADGAGGCCGAAAGGCCGAA AAAGCDU 
c 2979 GGCAGUU CDGADGAGGCCGAAAGGCCGAA AGAAAGC 
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Table 5 

Mouse ICAM HH Ribc*yme Sequence 

nt. Position Ribozyme Sequence 

11 CAACGGO aJGADGAGGCCGAAAGGCCGAA ACCAGGG 

23 AGCAGAG COGADGAGGCCGAAAGGCCGAA ACCACOG 

25 AGGAGCA CDGACGAGGCXXJAAAGGCOGAA AGAACCA 

31 CGOGGAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

34 CGACCCU CDGADGAGGCCGAAAGGCCGAA ADGAGAA 

40 AGGCOAC CDGADGAGGCOGAAAGGCCGAA AGOGOGC 

48 CCAGGOJ COGADGAGGCCGAAAGGCCGAA AGGDCCD 

54 CCADCAC COGADGAGGCCGAAAGGCCGAA AGGCCCA 

58 GGAGCUA. COGADGAGGCCGAAAGGCCGAA AGGCADG 

64 CDGCDGG CDGADGAGGCOGAAAGGCCGAA AGGGGDG 

96 GGGCCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

102 CCAGCAG CDGADGAGGCCGAAAGGCCGAA ACDGGCA 

108 . GGGCCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

115 AGGAGCA CDGADGAGGCCGAAAGGCCGAA AGAACCA 

119 DCCDGGD CDGADGAGGCCGAAAGGCCGAA ACADDCC 

120 GGGCCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 
146 GGAAGCG CDGADGAGGCCGAAAGGCCGAA ACGACDG 
1-2 AGOGGCD COGADGAGGCCGAAAGGCCGAA ACACAGA 
153 GGOOOOU CDGADGAGGCCGAAAGGCCGAA AACAGGA 
16a GCAAAAC CDGADGAGGCCGAAAGGCCGAA ACOOCOG 
1S8 GGGGCAG CDGADGAGGCCGAAAGGCCGAA AAGGCDD 

COGCACG CDGADGAGGCCGAAAGGCCGAA ACCCACC 
GCCAGAG COGADGAGGCCGAAAGGCCGAA AAGDGGC 
GCAAAAC CDGADGAGGCCGAAAGGCCGAA ACODCDG 
GGAGCAA CDGADGAGGCCGAAAGGCCGAA ACAACDD 
AGDOCDC CDGADGAGGCCGAAAGGCCGAA AAGCACA ' 
248 DDDAGGA CDGADGAGGCCGAAAGGCCGAA ADGGGDD 

253 OCOOCCU CDGADGAGGCCGAAAGGCCGAA AGGCAGG 

CAGDAGA CDGADGAGGCCGAAAGGCCGAA AAACCCU 
OAGGCAG CDGADGAGGCCGAAAGGCCGAA AGCCCCD 
CAGCOCA CDGADGAGGCCGAAAGGCCGAA ACAGCDD 
GGCDCAG CDGADGAGGCCGAAAGGCCGAA ADCDCCD 
GDDCOCA CDGADGAGGCCGAAAGGCCGAA AGCACAG 
CAGDGOG CDGADGAGGCCGAAAGGCCGAA ADDGGAC 
OCAGCUC CDGADGAGGCCGAAAGGCCGAA AACAGCD 
AGCGGAC CDGADGAGGCCGAAAGGCCGAA ACDGCAC 
GGGGDDG CDGADGAGGCCGAAAGGCCGAA AGCCAOU 
GGGCAGG CDGADGAGGCCGAAAGGCCGAA AGGCODC 



168 
185 
209 
227 
230 
237 



253 
263 
267 
293 
319 
335 
337 
338 
359 
367 
374 
375 
378 
386 
394 
420 
425 



GGGGCAG CDGADGAGGCCGAAAGGCCGAA AAGGCDD 
ACACGGU CDGADGAGGCCGAAAGGCCGAA ADGGDAG 
AAACGAA COGADGAGGCCGAAAGGCCGAA ACACGGD 
AGADCGA CDGADGAGGCCGAAAGGCCGAA AGDCCGG 
CGGGGGG CDGADGAGGCCGAAAGGCCGAA AAGUGUG 
CDGCDGG CDGADGAGGCCGAAAGGCCGAA AGGGGDG 
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427 CACUGCU CUGAUGAGGCCGAAAGGCCGAA AGAGCUG 

450 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 

451 CAAAGGA CUGAUGAGGCCGAAAGGCCGAA AGGUUUC 
455 AGUGGCU CUGAUGAGGCCGAAAGGCCGAA AGGGUAA 
495 ACACGGU CUGAUGAGGCCGAAAGGCCGAA AUGGUAG 
510 CCCCACG OJGAUGAGGCCGAAAGGCCGAA AGCAGCA 
564 GGAUGGA OJGAUGAGGCCGAAAGGCCGAA ACCUGAG 
592 CCCAUGU CUGAUGAGGCCGAAAGGCCGAA AUCUUUC 

607 CAUGAGA OJGAUGAGGCCGAAAGGCCGAA AUUGGOJ 

608 GCADGAG CUGAUGAGGCCGAAAGGCCGAA AAUUGGC 

609 GGCAUGA CUGAUGAGGCCGAAAGGCCGAA AAAUUGG 
611 GCGGCAU CUGAUGAGGCCGAAAGGCCGAA AGAAAUU 

656 CAGCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 

657 UCAGCUC CUGAUGAGGCCGAAAGGCCGAA AACAGCU 
668 GGUGGCC CUGAUGAGGCCGAAAGGCCGAA AGGCUCG 
677 AGGCUGG CUGAUGAGGCCGAAAGGCCGAA AGAGGUC 
684 AGGACCG CUGAUGAGGCCGAAAGGCCGAA AGCUGAA 

692 AAGAUCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 

693 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
696 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
709 UGAGGUG CUGAUGAGGCCGAAAGGCCGAA AGCCGCC 
? 20 AGCUGAA OJGAUGAGGCCGAAAGGCCGAA AGUUGUA 
723 CGGAGCU CUGAUGAGGCCGAAAGGCCGAA AAAAGUU 
735 UCUCCAG CUGAUGAGGCCGAAAGGCCGAA AUCUGGU 
738 CCAUCAC CUGAUGAGGCCGAAAGGCCGAA AGGCCCA 
765 GGAAGCG CUGAUGAGGCCGAAAGGCCGAA ACGACUG 

769 GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 

770 UUCCAGG CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 

785 GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 

786 AGGCAGG CUGAUGAGGCCGAAAGGCCGAA AACAGGC 
792 CUUCCGA CUGAUGAGGCCGAAAGGCCGAA ACCUCCA 
794 AGUCUCC CUGAUGAGGCCGAAAGGCCGAA AGCCCAG 
807 CCAGGUA CUGAUGAGGCCGAAAGGCCGAA AUCCGAG 
833 GGGUGUC CUGAUGAGGCCGAAAGGCCGAA AGCUUUG 
846 CAACGGU CUGAUGAGGCCGAAAGGCCGAA ACCAGGG 
851 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AGGUCUC 
863 CCAGAGG OJGAUGAGGCCGAAAGGCCGAA AGUGGCU 

866 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 

867 UCUCCGG CUGAUGAGGCCGAAAGGCCGAA AACGAAU 
869 CUUGCAU CUGAUGAGGCCGAAAGGCCGAA AGGAAGA 
881 ACGGGUU CUGAUGAGGCCGAAAGGCCGAA AAGCCAU 
885 UCACCUC CUGAUGAGGCCGAAAGGCCGAA ACCAAGG 
933 CCAGAAU OJGAUGAGGCCGAAAGGCCGAA AUUAUAG 
936 GCACCAG CUGAUGAGGCCGAAAGGCCGAA AUGAUUA 
978 AGUUGUA CUGAUGAGGCCGAAAGGCCGAA ACUGUUA 
980 AAAGUUG CUGAUGAGGCCGAAAGGCCGAA AGACUGU 

986 AGCUGAA CUGAUGAGGCCGAAAGGCCGAA AGUUGUA 

987 GAGCUGA CUGAUGAGGCCGAAAGGCCGAA AAGUUGU 
933 GGAGCUG CUGAUGAGGCCGAAAGGCCGAA AAAGUUG 
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1005 UCDCCAG CUGADGAGGCCGAAAGGCCGAA AUCUGGU 

1006 ODCCCCA CDGAUGAGGCCGAAAGGCCGAA ACUCUCA 
1023 CUUCCGA CDGADGAGGCCGAAAGGCCGAA ACCOCCA 
1025 CCCUUCC CDGAUGAGGCCGAAAGGCCGAA AGACCUC 
1066 UUAUUUU CUGAUGAGGCCGAAAGGCCGAA AGAGUGG 

1092 GGCCDGA CUGADGAGGCOSAAAGGCCGAA AUCCAGU 

1093 ODGGCUG CDGADGAGGCCGAAAGGCCGAA AGGUCCA 
1125 UCAAGAA CDGADGAGGCCGAAAGGCCGAA AGODGGG 

1163 GCAAAAG CDGADGAGGCCGAAAGGCCGAA AGCDDCG 

1164 AGCAAAA CDGADGAGGCCGAAAGGCCGAA AAGCDDC 
1166 AGAGCAA CDGADGAGGCCGAAAGGCCGAA AGAAGCU 
1172 GGDDDDD CDGADGAGGCCGAAAGGCCGAA AACAGGA 

1200 UGDGGAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

1201 COGDDCA CDGADGAGGCCGAAAGGCCGAA AAGCAGC 
1203 ACDGGDG CDGADGAGGCCGAAAGGCCGAA AAAAAGD 

1227 GCACACG CDGADGAGGCCGAAAGGCCGAA ADGQACC 

1228 AGCAAAA CDGADGAGGCCGAAAGGCCGAA AAGCDDC 
1233 CDCDCCG CDGADGAGGCCGAAAGGCCGAA AAACGAA 
1238 AGGACCA CDGADGAGGCCGAAAGGCCGAA ACAGCAC 
1264 CDOGCAC OX3ADGAGGCCGAAAGGCCGAA ACCCDDC 
1267 UOCCCCA CDGADGAGGCCGAAAGGCCGAA ACOCOCA 

1294 GGCDCAG CDGADGAGGCCGAAAGGCCGAA AUCUCCU 

1295 CDGCDGA CDGADGAGGCCGAAAGGCCGAA ACCCCDC 
1306 CADDDCA CDGADGAGGCCGAAAGGCCGAA AGDCDGC 
1321 DCCDCCU CDGADGAGGCCGAAAGGCCGAA AGCCODC 
1334 DUDAGGA CDGADGAGGCCGAAAGGCCGAA ADGGGDU 
1344 CACDCDC CDGADGAGGCCGAAAGGCCGAA AGCDCAU 
1351 DAACDDA CDGADGAGGCCGAAAGGCCGAA ACADUCA 
1353 CACCODC CDGADGAGGCCGAAAGGCCGAA ACCCACU 

1366 AGDOGDA CDGADGAGGCCGAAAGGCCGAA ACDGDDA 

1367 AGGOGGG CDGADGAGGCCGAAAGGCCGAA AGGOGCD 

1368 AGAGDGG CDGADGAGGCCGAAAGGCCGAA ACAGOAC 
1380 CCACCCC CDGADGAGGCCGAAAGGCCGAA ADGGGCA 
1388 AGCCACD CDGADGAGGCCGAAAGGCCGAA AGDCDCC 
1398 GOOCDGU CDGADGAGGCCGAAAGGCCGAA ACAGCCA 
1402 AGDDCDC CDGADGAGGCCGAAAGGCCGAA AAGCACA 
1408 CCDCCCC CDGADGAGGCCGAAAGGCCGAA ADCDCGC 
1410 CCCDUCC CDGADGAGGCCGAAAGGCCGAA AGACCUC 
1421 ACAAAAG CDGADGAGGCCGAAAGGCCGAA AGGOGGG 
1425 COCDACC CDGADGAGGCCGAAAGGCCGAA AGGCAGU 
1429 CAGGGGC CDGADGAGGCCGAAAGGCCGAA AUAGAGA 
1444 DCCDCCU CDGADGAGGCCGAAAGGCCGAA AGCCDUC 
1455 DCCDGGD CDGADGAGGCCGAAAGGCCGAA ACADOCC 
1482 GGGAGCA CDGADGAGGCCGAAAGGCCGAA AACAACU 
1484 CADGAGG CDGADGAGGCCGAAAGGCCGAA AGAACAG 
1493 . GDDCDCA CDGADGAGGCCGAAAGGCCGAA AGCACAG 
1500 GGACCAU CDGADGAGGCCGAAAGGCCGAA AUUDCAU 
1503 GAADGAU CDGAUGAGGCCGAAAGGCCGAA AUAGDCC 
1506 CGGUUAD CDGADGAGGCCGAAAGGCCGAA AACAUAA 
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1509 ACACGGU OX^UGAGqCCGAAAGGCCGAA ADGGUAG 

1518 CGCCOGG CDGADGAGGCCGAAAGGCCGAA ACCADGA 

1530 CCAGAAU CUGADGAGGCCGAAAGGCCGAA ADDADAG 

1533 GGCCCAC CDGADCS^GGCCGAAAGGCCGAA ADGACCA 

1551 AGCOGCU CUGADGAGGCCGAAAGGCCGAA AGGCADG 

1559 AGGOGGG CUGADGAGGCCGAAAGGCCGAA AGGDGCO 

1563 GGUUADA CTJGAUGAGGCCGAAACGCCGAA ACADAAG 

1565 GCGGUUA CUGADGAGGCCGAAAGGCCGAA AAACADA 

1567 OGGCGGU CDGADGAGGCCGAAAGGCCGAA AUAAACA 

. 1584 ADADCCD CUGADGAGGCCGAAAGGCCGAA ADCDDUC 

1592 DAACDCG CDGADGAGGCCGAAAGGCCGAA ADADCCD 

1599 CCDDCDG CDGADGAGGCCGAAAGGCCGAA AACDDGD 

1651 GCDCAGG CDGADGAGGCCGAAAGGCCGAA AGGOGGG 

1661 CAAAGGA CDGADGAGGCCGAAAGGCCGAA AGGDDDC 

1663 DDCAAAG CDGADGAGGCCGAAAGGCCGAA AAAGGUD 

1678 CCAGGCD CDGADGAGGCCGAAAGGCCGAA AGGDCCU 

1680 CCAGAGG CDGADGAGGCCGAAAGGCCGAA AGDGGCD 

1681 GCCAGAG CDGADGAGGCCGAAAGGCCGAA AAGDGGC 
1684 ACAGCCA CDGADGAGGCCGAAAGGCCGAA AGGAAGU 

1690 AGADCGA CDGADGAGGCCGAAAGGCCGAA AGDCCGG 

1691 AAGADCG C0GADGAGGCO»AAGGCCGAA AAGDCCG 
1696 CCACCCC CDGADGAGGCCGAAAGGCCGAA ADGGGCA 
1698 CDCCAGG CDGADGAGGCCGAAAGGCCGAA ADADCCG 
1737 GCDGGDA CDGADGAGGCCGAAAGGCCGAA AGGDCDC 
1750 DGAGGDG CDGADGAGGCCGAAAGGCCGAA AGCCGCC 
1756 GGGCAGG CDGADGAGGCCGAAAGGCCGAA AGGCDDC 
1787 DGGGGAC CDGADGAGGCCGAAAGGCCGAA ADGDCDC 
1790 ADDAGAG CDGADGAGGCCGAAAGGCCGAA ACAADGC 
1793 DCCAGCC CDGADGAGGCCGAAAGGCCGAA AGGACCA 
1797 DDDADGD CDGADGAGGCCGAAAGGCCGAA ACDGGDG 
1802 DCDCCAG CDGADGAGGCCGAAAGGCCGAA ADCDGGU 

1812 GGCCDGA CDGADGAGGCCGAAAGGCCGAA ADCCAGU 

1813 DGAGGGD CDGADGAGGCCGAAAGGCCGAA AADGCDG 
1825 GCAGAGG CDGADGAGGCCGAAAGGCCGAA AGCGDGG 
1837 GGAGCDA CDGADGAGGCCGAAAGGCCGAA AGGCADG 
1845 GGDGGCC CDGAIK5AGGCCGAAAGGCCGAA AGGCDCG 
1856 AAGADCG CDGADGAGGCCGAAAGGCCGAA AAGDCCG 
1861 DACDGGA CDGADGAGGCCGAAAGGCCGAA ADCADGU 
1865 CDGAGGC CDGADGAGGCCGAAAGGCCGAA ACAAGOG 
1868 DDUADGD CDGADGAGGCCGAAAGGCCGAA AC0GGDG 
1877 AGCDGCD CDGADGAGGCCGAAAGGCCGAA AGGCADG 
1901 GDCCCDD CDGADGAGGCCGAAAGGCCGAA AGDDDUA 
1912 ACDGADC CDGADGAGGCCGAAAGGCCGAA ACUADAU 

1922 DAACDDA CDGADGAGGCCGAAAGGCCGAA ACADOCA 

1923 GADACCD CDGADGAGGCCGAAAGGCCGAA AGCADCA 
1928 CDGGDAA CDGADGAGGCCGAAAGGCCGAA ACDCDAA 
1930 AGCOGGU CDGADGAGGCCGAAAGGCCGAA AAACOOJ 
1964 DGGGGAC CDGADGAGGCCGAAAGGCCGAA ADGDCDC 
1983 DAACDDG CDGADGAGGCCGAAAGGCCGAA ADADCCD 
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1996 GGCUCAG CUGAUGAGGCCGAAAGGCCGAA ADOJCCO 

2005 GGOCCGC CUGAUGAGGCCGAAAGGCCGAA AGCUCCA 

2013 UACUCAA CUGAUGAGGCCGAAAGGCCGAA AAAUAGC 

2015 CCACCCC CUGAUGAGGCCGAAAGGCCGAA AUGGGCA 

2020 CUCAGAA CDGAUGAGGCCGAAAGGCCGAA AACCACC 

2039 CCUCUGC CUGAUGAGGCCGAAAGGCCGAA AGCCAGC 

2040 CCUCCAG CUGAUGAGGCCGAAAG3CCGAA AGGUCAG 
2057 GGAUGUG 03GADGAGGCCGAAAGGCCGAA AGGAGCA 
2061 ACACGGU CIJGADGAGGCCGAAAGGCCGAA AUGGUAG 
2071 CUGAGGC CUGAUGAGGCCGAAAGGCCGAA ACAAGUG 
2076 UAGCUCU CUGAUGAGGCCGAAAGGCCGAA AGGCUAC 

2097 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUCG 

2098 CGGGGGG CUGADGAGGCCGAAAGGCCGAA AAGUGUG 
2115 AUCCUCC OX3AUGAGGCCGAAAGGCCGAA AGCUGGC 
2128 CUCAAUA CUGAUGAGGCCGAAAGGCCGAA ADAGCUG 
2130 GAGGCAG CUGAUGAGG<XGAAAGGCCGAA AAACAGG 
2145 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUUG 
2152 AACUCUA CUGAUGAGGCCGAAAGGCCGAA AUUAAUA 
2156 OAAUAAA CUGAUGAGGCCGAAAGGCCGAA ACAUCAA 

2158 AUUAAUA CUGAUGAGGCCGAAAGGCCGAA AUACAUC 

2159 AAUOAAO CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2160 AAAUDAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2162 CUAAAUD CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 

2163 AAUUAAG CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2166 AAUAGAG CUGAUGAGGCCGAAAGGCCGAA AUGAAGU 

2167 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2170 CUAAAUU CUGAUGAGGCCGAAAGGCCGAA. AUAAAUA 

2171 GGGAGCA CUGAUGAGGCCGAAAGGCCGAA AACAACU 

2173 CUGGUAA CUGAUGAGGCCGAAAGGCCGAA ACUCUAA 

2174 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2175 AGCUGGU CUGAUGAGGCCGAAAGGCCGAA AAACUCU 

2176 UAGCUGG CUGAUGAGGCCGAAAGGCCGAA AAAACUC 
2183 CAAUAAA CDGAUGAGGCCGAAAGGCCGAA AGCUGGU 

2185 CUCAAUA CUGAUGAGGCCGAAAGGCCGAA AUAGCUG 

2186 ACUCAAU CUGAUGAGGCCGAAAGGCCGAA AAUAGCU 

2187 UACUCAA CUGAUGAGGCCGAAAGGCCGAA AAAUAGC 
2189 GGUACUC CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
2196 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUUG 

2198 AACAUAA CUGAUGAGGCCGAAAGGCCGAA AGGCUGC 

2199 AUAAACA CUGAUGAGGCCGAAAGGCCGAA AAGAGGC 

2200 CUUGCAU CUGAOGAGGCCGAAAGGCCGAA AGGAAGA 

2201 GCCGACA CUGAUGAGGCCGAAAGGCCGAA AAAACUU 
2205 UCAGGCC CUGAOGAGGCCGAAAGGCOGAA ACAUAAA 
2210 AGCCACU CDGAUGAGGCCGAAAGGCCGAA AGUCUCC 
2220 AGAGAAC CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
2224 GGAUGGA CUGAUGAGGCCGAAAGGCCGAA ACCUGAG 
2226 GCGGCCU CUGAUGAGGCCGAAAGGCCGAA AGAUCCA 
2233 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA. AGGUCAG 
2242 GGUCCGC CUGAUGAGGCCGAAAGGCCGAA AGCUCCA 
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2248 UGGGADG CDGADGAGGCCGAAAGGCCGAA AOGGADA 

2254 DCAGDGD CDGADGAGGCCGAAAGGCCGAA AADDGGA 

2259 CACCGUG CDGADGAGGCCGAAAGGCCGAA ADGDGAD 

2260 GCACCGU CTOADGAGGCCGAAAGGCCGAA AAUGDGA 
2266 UCCDGGU CXJGADGAGGCCGAAAGGCCGAA ACADDCC 
2274 DCDCCAG CDGADGAGGCCGAAAGGCCGAA ADCDGGD 
2279 COUGCAC CUGADGAGGCCGAAAGGCCGAA ACCCUUC 
2282 CAGCUCA CXJGADGAGGCCGAAAGGCCGAA ACAGCUU 
2288 AGGCCAU CDGADGAGGCCGAAAGGCCGAA ACDDADA 
2291 AGCAGAG CDGADGAGGCCGAAAGGCCGAA ACCACDG 
2321 CCCADGU CDGADGAGGCCGAAAGGCCGAA AOCDDDC 

2338 CAGGCAG CDGADGAGGCCGAAAGGCCGAA AGUCUCA 

2339 CAAAGGA CUGADGAGGCCGAAAGGCCGAA AGGDDDC 
2341 AGGCDGG CDGADGAGGCCGAAAGGCCGAA AGAGGDC 
2344 GCDGGAA CDGADGAGGCCGAAAGGCCGAA ADCGAAA 

2358 CDGCDGA CDGADGAGGCCGAAAGGCCGAA AGCDGGG 

2359 DCDGDDC CDGADGAGGCCGAAAGGCCGAA AAAGCAG 

2360 DDCAAAG CDGADGAGGCCGAAAGGCCGAA AAAGGDD 

2376 UCAGAAG CDGADGAGGCCGAAAGGCCGAA ACCACCD 

2377 CDCAGAA CDGADGAGGCCGAAAGGCCGAA AACCACC 

2378 CAGUAGA CDGADGAGGCCGAAAGGCCGAA AAACCCD 

2379 CDDADGA CDGADGAGGCCGAAAGGCCGAA AAAAGCA 

2380 GCCGACA CDGADGAGGCCGAAAGGCCGAA AAAACDD 
2382 GGGGCAA CDGADGAGGCCGAAAGGCCGAA AGAGAAU 
2384 DDGDGDC CDGADGAGGCCGAAAGGCCGAA ACDGGAD 
2399 GDCCACA CDGADGAGGCCGAAAGGCCGAA AGDGDDD 
2401 CAGCDCA CDGADGAGGCCGAAAGGCCGAA ACAGCDD 
2411 GCADCCD CDGADGAGGCCGAAAGGCCGAA ACCAGDA 

2417 ACGDADG CDGADGAGGCCGAAAGGCCGAA ACCADDC 

2418 GGCCDGA CDGADGAGGCCGAAAGGCCGAA AUCCAGD 

2425 AACCCDC CDGADGAGGCCGAAAGGCCGAA ACCCADG 

2426 AAACDCD CDGADGAGGCCGAAAGGCCGAA AADDAAD 

2433 GCDGGDA CDGADGAGGCCGAAAGGCCGAA AACDCDA 

2434 AGCDGGD CDGADGAGGCCGAAAGGCCGAA AAACDCD 

2448 GGGCAGG CDGADGAGGCCGAAAGGCCGAA AGGCDDC 

2449 GGGGCAG CDGADGAGGCCGAAAGGCCGAA AAGGCDD 

2451 AGGCAGG CDGADGAGGCCGAAAGGCCGAA AACAGGC 

2452 GAGGCAG CDGADGAGGCCGAAAGGCCGAA AAACAGG 
2455 GGGCAGG CDGADGAGGCCGAAAGGCCGAA AGGCDDC 

2459 GGGGGGG CDGADGAGGCCGAAAGGCCGAA AGdGOGG 

2460 CGGGGGG CDGADGAGGCCGAAAGGCCGAA AAGDGDG 

2479 GCDGGDA CDGADGAGGCCGAAAGGCCGAA AGGDCDC 

2480 GGADCAC CDGADGAGGCCGAAAGGCCGAA ACGGDGA 

2483 GGDGGCD CDGADGAGGCCGAAAGGCCGAA ACADDGG 

2484 GACDGGD CDGADGAGGCCGAAAGGCCGAA AAAAAAG 
2492 AGGDGGG CDGADGAGGCCGAAAGGCCGAA AGGDGCD 
2504 ACAAAAG CDSADGAGGCCGAAAGGCCGAA AGGDGGG 

2508 DGGGADG CDGADGAGGCCGAAAGGCCGAA ADGGADA 

2509 CDGGDAA CDGADGAGGCCGAAAGGCCGAA ACDCDAA 
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2510 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2520 CAUUGGG CDGAUGAGGCCGAAAGGCCGAA ACAAAAG 

2521 UGAGGGU CUGAUGAGGCCGAAAGGCCGAA AAUGCUG 
2533 GAUACCU CUGAUGAGGCCGAAAGGCCGAA AGCAUCA 
2540 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACCGCUG 
2545 AGGACCA CUGAUGAGGCCGAAAGGCCGAA ACAGCAC 
2568 UUUGACA CUGAUGAGGCCGAAAGGCCGAA ACUUCAC 
2579 CAGGCCA CUGAUGAGGCCGAAAGGCCGAA AACUUAU 
2585 AGAGAAC CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
2588 AUUAGAG CUGAUGAGGCCGAAAGGCCGAA ACAAUGC 
2591 AGGAGCA CUGAUGAGGCCGAAAGGCCGAA AGAACCA 
2593 GCAGAGC CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 
2596 CAUUGGG CUGAUGAGGCCGAAAGGCCGAA ACAAAAG 

2601 AAACGAA CUGAUGAGGCCGAAAGGCCGAA ACACGGU 

2602 GGGAUGG CUGAUGAGGCCGAAAGGCCGAA AGCUGGA 

2607 CCAGGUA CUGAUGAGGCCGAAAGGCCGAA AUCCGAG 

2608 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACUGCUG 

2609 UCCUGGU CUGAUGAGGCCGAAAGGCCGAA ACAUUCC 
2620 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
2626 GCUGGAA CUGAUGAGGCCGAAAGGCCGAA AUCGAAA 
2628 AGGCUAC CUGAUGAGGCCGAAAGGCCGAA AGUGUGC 
2635 AGGACCG CUGAUGAGGCCGAAAGGCCGAA AGCUGAA 

2640 GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 

2641 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2642 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
2653 GCAUCCU CUGAUGAGGCCGAAAGGCCGAA ACCAGUA 
2659 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCCUUC 
2689 CCUCGGA CUGAUGAGGCCGAAAGGCCGAA ACAUUAG 
2691 GGCCUCG CUGAUGAGGCCGAAAGGCCGAA AGACAUU 
2700 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 
2704 AGGCUGG CUGAUGAGGCCGAAAGGCCGAA AGAGGUC 

2711 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2712 CCCUUCC CUGAUGAGGCCGAAAGGCCGAA AGACCUC 
2721 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCCUUC 
2724 GCACACG CUGAUGAGGCCGAAAGGCCGAA AUGUACC 
2744 CUGCACG CUGAUGAGGCCGAAAGGCCGAA ACCCACC 
2750 GGUACUC CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
2759 AGAUCGA CUGAUGAGGCCGAAAGGCCGAA AGUCCGG 
2761 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
2765 AGCGGCA CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 
2769 CCUGUUU CUGAUGAGGCCGAAAGGCCGAA ACAGACU 
2797 GGACCAU CUGAUGAGGCCGAAAGGCCGAA AUUUCAU 

2803 CGCCUGG CUGAUGAGGCCGAAAGGCCGAA ACCAUGA 

2804 CUGCACG CUGAUGAGGCCGAAAGGCCGAA ACCCACC 
2813 GGGUCAG CUGAUGAGGCCGAAAGGCCGAA ACCGGAG 
2815 AAAGUUG CUGAUGAGGCCGAAAGGCCGAA AGACUGU 
2821 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 

2322 AAGUCCG CUGAUGAGGCCGAAAGGCCGAA AGGCUCC 

2323 UGGGAGC CUGAUGAGGCCGAAAGGCCGAA AAAGGCA 
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2829 AUGAUUA CUGADGAGGCCGAAAGGCCGAA AGUCCAG 

2837 UCAGAAG CUGADGAGGCCGAAAGGCCGAA ACCACCU 

2840 CAGGCAG CUGADGAGGCCGAAAGGCCGAA AGUCUCA 

2847 GGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACAUUGG 

2853 AACADAA CUGADGAGGCCGAAAGGCCGAA AGGCUGC 

2860 DCACAGD CUGADGAGGCCGAAAGGCCGAA ACUUGGC 

2872 CUUGGCU CUGADGAGGCCGAAAGGCCGAA AAGGUCC 

2877 GDGADGG CUGADGAGGCCGAAAGGCCGAA AGCGGAA 

2899 AAGADCG CUGADGAGGCCGAAAGGCCGAA AAGUCCG 

2900 ■ AAAACUC CUGADGAGGCCGAAAGGCCGAA AAADUAA 

2904 AADAGAG CUGADGAGGCCGAAAGGCCGAA AUGAAGD 

2905 CAADAGA CUGADGAGGCCGAAAGGCCGAA AAUGAAG 

2906 UAADAAA CUGADGAGGCCGAAAGGCCGAA ACADCAA 

2907 AAADUAA CUGADGAGGCCGAAAGGCCGAA AAADACA 

2908 AGCAAAA CUGADGAGGCCGAAAGGCCGAA AAGCDDC 

2909 AGAGCAA CUGADGAGGCCGAAAGGCCGAA AGAAGCD 

2910 AAADDAA CUGADGAGGCCGAAAGGCCGAA AAADACA 

2911 AAADDAA CUGADGAGGCCGAAAGGCCGAA AAADACA 

2912 GACADUA CUGADGAGGCCGAAAGGCCGAA AGAACAA 

2913 UGACCAG CUGADGAJGGCCGAAAGGCCGAA AGAGAAA 

2914 CDDADGA CUGADGAGGCCGAAAGGCCGAA AAAAGCA 

2915 UCUAAAU CUGADGAGGCCGAAAGGCCGAA AADAAAD 

2916 CUCCGGA CUGADGAGGCCGAAAGGCCGAA ACGAADA 

2917 DCDCCGG CUGADGAGGCCGAAAGGCCGAA AACGAAU 

2918 CDCDCCG CUGADGAGGCCGAAAGGCCGAA AAACGAA 

2919 CGACCCD OTSADGAGGCCGAAAGGCCGAA ADGAGAA 
2931 CUUCCGA CUGADGAGGCCGAAAGGCCGAA ACCUCCA 
2933 CCCUUCC CUGADGAGGCCGAAAGGCCGAA AGACCUC 
2941 DGGGGAC CUGAUGAGGCCGAAAGGCCGAA ADGUCUC 

2951 GCAGAGG CUGAUGAGGCCGAAAGGCCGAA AGCGUGG 

2952 CACAGCG CUGADGAGGCCGAAAGGCCGAA ACOGCDG 

2955 DGACACA CUGAUGAGGCCGAAAGGCCGAA AGDCACU 

2956 DDGADDC CUGAUGAGGCCGAAAGGCCGAA AAGGAAA 

2961 AGUGGCU CUGADGAGGCCGAAAGGCCGAA ACACAGA 

2962 AADDAAD CUGADGAGGCCGAAAGGCCGAA AAUACAD 

2965 CUUUADU CDGADGAGGOCGAAAGGCCGAA ADUCAAA 

2966 CCUCUGC CUGAUGAGGCCGAAAGGCCGAA AGCCAGC 
2969 AAAACUU CUGAUGAGGCCGAAAGGCCGAA AUUGADU 

2975 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACDCDA 

2976 AGUAGAG CUGADGAGGCCGAAAGGCCGAA AACCCUC 

2977 CAGCUCA CUGADGAGGCCGAAAGGCCGAA ACAGCUU 
2979 GGCAAUA CUGAUGAGGCCGAAAGGCCGAA AGAAUGA 
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Table 9: Rat ICAM HH Ribozyme Target Sequence 



nt. 
Position 
11 

23 
26 
31 
34 
40 
48 
54 
58 
64 
96 
.102 
108 
115 
119 
120 
146 
152 
158 
165 
168 
185 
209 
227 
230 
237 
248 
253 
263 
267 
293 
319 
335 
337 
338 
359 
367 
374 
375 
378 
386 



HH Target sequence 

GADCCAAU U CACACCGA 
GCUGACUU C CDUCDCDA 
GAACDGCU C UUCCDCUO 
CCUOJUCU C CUGGUCCU 
CDGAAGCU C AGAUAUAC 
CUCAAGGU A CAAGCCCC 
GAGAACCU C GGCCUGGG 
CTCCGCCU C CCUGAGCC 
CCGUGCCU U UAGCUCCC 
CAAUGGCU U CAACCCGU 

ccucogcu c cugguccu 

CUCCUGGU C C0GG0CGC 
GGACUGCU U GGGGAACU 
UCCUACCU U UGUUCCCA 
GACACUGJ C CCCAAC0C 
GUUGUGAU C OCCGGGCC 
CCAGACCU U GGAACUCC 
ACCCGGCU C CACCUCAA 
AUUUCDUU C ACGAGDCA 
UGAACAGU A CUUCCCCC 
GAAGCCUU C C0GCC0CG 



GGGUGGAU C CGOGCAGG 
CAGCCCCU A ADCDGACC 
GACCAAGU A ACUGUGAA 
CAAGCUGU U GUGGGAGG 
CUGAAGCU C GACACCCC 
GGCCCCCU A CCUUAGGA 
CACUGCCU C AGOGGAGG 
GAGCCAAU U UCUCADGC 
GAAGCCUU C C0GCCUCG 
GAAGCUCU U CAAGCUGA 
CGGAGGAU C ACAAACGA 
ACUGUGCU U UGAGAACU 
UGUGCQEAU A UGGUCCUC 
AAGCUCUU C AAGCUGAG 
CACGCAGU C CUCGGCUU 
CAAUGGCU U CAACCCGU 
UUACCCCU C ACCCACCU 
AGAAGCCU U CCUGCCUC 
ACCCACCU C ACAGGGUA 
CGCUGUGU U UUGGAGCU 



nt. 
Position 

394 

420 

425 

427 

450 

451 

456 

495 

510 

564 

592 

607 

608 

609 

611 

656 

657 

668 

677 

684 

692 

693 

696 

709 

720 

723 

735 

738. 

765 

769 

770 

785 

786 

792 

794 

807 

833 

846 

851 

863 

866 



HH Target Sequence 



GUGGUGCU U 
GCACCCCU C 
CCUCGGCU U 
UCCCCGUU U 
AAGAACCU C 
GGGUACUU C 
CUCGGCUU C 
GCCACCAU C 
GUGCUGCU C 
GAAAAUGU U 
GGGAGUAU C 
GAGCCAAU U 
AGCCAADU U 
GCCAAUUU C 
CAADUUCU C 
GUCACUGU U 
UCACCGUU C 
GAACUGCU C 
GCACCCCU C 
. AGGCAGCU C 
CCAGACCU U 
CGGACUUU C 
GCC0GUUU C 
CAGCAUUU A 
CUACAACU U 
CAACUUUU C 
C0CCUGGU C 
UCCUGCCU C 
ACUGOGCU U 
UCUUGUGU U 
CUUGUGUU C 
AGGCCUGU U 
GGCC0GUU U 
CUCCUGGU C 
UCCUGCCU C 
GCUCAGAU A 
CCCGGGGU U 
CUGACAGU U 
GCUCACCU U 
CAAUGGCU U 
CCAUGCUU C 



CCGAACAG 
CCAGCGCA 
CCGCCACC 
AAAAACCA 
AUCCUGCG 
CCCCAGGC 
CGCCACCA 
AC0GOGUA 
CGOGGGAA 
CCAACCAC 
ACCAGGGA 
UCUCADGC 
CDCADGCU 
UCADGCUU 
ADGCUUCA 
CAAGAACG 
AAGAAEGU 
UUCCUCUU 
CCAGCGCA 
CGGACUUU 
GGAACUCC 
GADCUUCC 
CCGCCUCU 
CCCCUCAC 
UUCAGCUC 
AGCUCCCA 
CuGGUCGC 
GGGGGGGA 
UGAGAACU 
CCCUGGAA 
CCUGGAAG 
UCCUGCCU 
CCUGCCUC 
CUGGUCGC 
UGAAGCUC 
UACCUGGA 
GGAGACUA 
AUUUAUUG 
UAGCAGCU 
CAACCCGU 
CUCUGACA 
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867 


GACCACCU C CCCACCOA 


1421 


869 


COCUUCCU C UUGCGAAG 


1425 


881 


AAUGGCUU C AACCCGUG 


1429 


885 


GACCAAGU A ACDGUGAA 


1444 


933 


UGUGUAUU C GUUCCCAG 


1455 


936 


GCAGAGAU U UUGUGUCA 


1482 


978 


UUGAGAAQ C 13ACAACUU 


1484 


980 


GAGAADCU A CAACDDDU 


1493 


986 


CUACAACU U DUCAGCDC 


1500 


987 


UACAACUU U UCAGCUCC 


1503 


988 


ACAACODU U CAGCUCCC 


1506 


1005 


UUCGUGAU C GUGGCGUC 


1509 


1006 


GUGGGAGQ A UCACCAGG 


1518 


1023 


CCGGAGGU C UCAGAAGG 


1530 


1025 


GGAGGUCU C AGAAGGGG 


1533 


1066 


ccaAccuu U UUUCCCAA 


1551 


1092 


AGAGGGGU C UCAGCAGA 


1559 


1093 


ASGGGAAD C CAGCCCCU 


1563 


1125 


CCCCAACU C UUJUUGAU 


1565 


1163 


ACGACGCU U CUUUUGCQ 


1567 


1164 


OGACGCUU C UUUUGCUC 


1584 


1166 


ACGCUDCCT U UUGCUCUG 


1592 


1172 


CUUUUGCU C UGCGGCCU 


1599 


1200 


ADCCAADU C ACACUGAA 


1651 


1201 


UUGGGCUU C UCCACAGG 


1661 


1203 


GGGOJUCU C CACAGGUC 


lOOj 


1227 


UUGGAACU C CADGUGCU 


1 6"7fl 
XQ to 


1228 


GCGGGCUU C GUGAUCGU 


1 6ftn 


1233 


CDCCDGGa C COGGOOGC 


1 6fl1 


1238 


UGUGCUA0 A UGGUCCUC 


XQ04 


1264 


GGAAAGAU C AUACGGGU 


1690 


1267 


GUCACOGU U CAAGAADG 


1691 


1294 


CAGAGADU U UGUGUCAG 


1696 


1295 


AGAGGGGU C DCAGCAGA 


1698 


1306 


AGCAGACU C UUACADGC 


1737 


1321 


AACAGAGU C UGGGGAAA 


1750 


1334 


GOAUUCGU U OCCAGAGC 


1756 


1344 


UCGGUGCU C AGGUADCC 


17P7 


1351 


TCAGGCCD A AGAGGACQ 


1790 


1353 


UAGCAGCU C AACAADGG 


1793 


1366 


AGGGOACU XJ OCCCCAGG 


1797 


1367 


GGGUACUU C CCOCAGGC 


1802 


1368 


GADGGUGU C OCGCUGCC 


1812 


1380 


CUGCCUAXJ C GGGADGGTJ 


1813 


1388 


UGGAGACU A ACUGGADG 


1825 


1398 


CUGGCUGU C ACAGGACA 


1837 


1402 


CDGUGCUU U GAGAACDG 


1845 


1408 


UUCGUGAU C GUGGCGUC 


1856 


1410 


CGAACUAU C GAGDGGAC 


1861 



GGGGACUU C CCCCAGGC 
ACCCACCU C CUCUGGCU 
AUACUUGU A GCCUCAGG 
AGAAGGCU C AGGAGGAG 
GGGAGOAD C ACCAGGGA 
AGGGOACU U CCCCCAGG 
ACUGCUCU U CCUCUUGC 
CCUGGGGU U GGAGACOA 
CGUGAAAU U ADGGOCAA 
GAAAADGU U CCAACCAC 
UGGGUCAD A AUUGUCGG 
GCCACC ^U C ACDGUGUA 
GUCCUGGU C GCCGUDGU 
ACCUGGGU C ADAADDGU 
CUGADCAU U GCGGGCUU 
GOGGCCCQ C UGCUCGUA 
UGGGAAGU C CCUGUUUA 
UCCUACCU U UGUUCCCA 
UUACACCU A UOACCGCC 
ACACC0AD U ACCGCCAG 
AGGAAGAU C AGGADAUA 
CAGGA0AU A CAAGUQAC 
UACAAGUU A CAGAAGGC 
CCCCGCCU C CCUGAGCC 
CUGCACUU U GCCCUGGU 
GAACAGAU C AAUGGACA 
GAGAACCU C GGCCUGGG 
GGGCUUCU C CACAGGOC 
GGCCOGUU U CCUGCCUC 
CUGCUCGU A GACCUCUC 
CCCCACCU A CAUACADU 
CCGGACUU U OG A DC UUC 
CUCCOGGU C COGGDCGC 
UCAGADAU A CCUGGAGA 
GAUCACAU XJ CAOGGDGC 
GUCCAUW A CACCOAUO 
CCUCUGCU C CUGGOCCU 
GAGAACCU C GGCCOSGG 
GACACUGU C CCCAACUC 
AUGGUCCU C ACC0GGAC 
UCCCUGUU U AAAAACCA 
GCUCAGAU A UACCOGGA 
AACAGAGU C UGGGGAAA 
GCGGGCUU C GUGAUCGU 
GCCACCAU C ACUGDGUA 
ACCCACCU C ACAGGGUA 
AGAGGACU C GGAGGGGC 
Cccaj AAU C DGACCUGC 
CAUGUGCU A UAUGGUCC 
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1 QC^ 
XOOD 


TTftT Tt "V V»*"'if t X /^-x > s>» 

UAUuUcroJ A GACACAAG 


2198 




UCACGAGU C AuAUAAAU 


2199 


1 099 

Xo / / 


ACAjLjUACU u cccccagg 


2200 




CUAAAACU C AAGGUACA 


2201 


1 01 9 


VLSrtALAliAU U AAuviCaACA 


2205 




AUOUAALjU U AUUGCCUA 


2210 


1 Q97 


m^PfyyT iprrmmr 
Uvj\2rtJkJu*_*J C AuUUUUAG 


2220 


1 Q9R 


VfwwC^srtU A UACwUvstsA 


2224 






2226 






2233 






2242 






2248 


900.5 


^n^TI^ ^^^TT TT ^ TTTTl^^^^TT^ 

AuLjUAALjU U AU UCaCUUA 


2254 


901 ^ 


A UCGGGAUG 


2259 


9m ^ 


CUGCCTAU C GGGADGGU 


2260 




UAUUGAGU A L. wUJ-KaUAC 


2266 


9A9Q 


CGGAGGAU c acaaacga 


2274 




CCUGACCU C CUGGAGGU 


2279 


^U- / 


tu^u.J C CAAUGGCU 


2282 


9n/ri 
ZUoX 


GCGUCCAU TJ UACACCUA 


2288 


2U7X 


AUACUUGU A GCCUCAGG 


2291 




CGUAGCCU C AGGCCUAA ■ 


2321 


zuy / 


CCAACuCU U GUCGADGU 


2338 




CC0GACCU' C CDGGAGGU 


2339 


91 1 5 
«XX3 


UuCOGACu A GGGUCCUG 


2341 


91 9Q 


AbuG^buU A CCAOSAUC 


2344 


9i **o 


GCCUG0UU C CDGCCUCU 


2358 


91 


CCAACUCU U GUUGADGU 


2359 


*>1 

^XOJ 


UUGAGAAU C UACAACUU 


2360 


2X30 


UGACAGUU A 0UUADUGA 


2376 


91 CO 


UGADGUAU U UAUUAAUU 


2377 


^1 en 


GAUGUADU U AUUAAUUC 


2378 


2160 


AUGUAUUU A UUAAUUCA 


2379 


2162 


ACAUUCCU A CCUUUGUU 


2380 


2X63 


DAUUUAUU A AUUCAGAG 


2382 


2166 


UGAUGUAU V UAUUAAUU 


2384 


2167 


GAUGUAUU U AUUAAUUC 


2399 


2X70 


GUAUuuaU U AAUUCAGA 


2401 


91 91 


CAGUuAUU U AUCGAGUA 


2411 


9177 


LAaUVjrCUAU A UGGUCCUC 


2417 


2174 


UCUCUAUU A CCCCDGCU 


2418 


2175 


AUUUCUUU C ACGAGUCA 


2425 


2176 


GAAAADGU U CCAACCAC 


2426 


2183 


UGACAGUU A UUUAUUGA 


2433 


2185 


ACAGUUAU U UAUUGAGU 


2434 


2186 


CAGUUAUU U ADUGAGUA 


2448 


2187 


AGUUAUUU A UUGAGUAC 


2449 


2189 


UUAUUUAU U GAGUACCC 


2451 


2196 


CCGACAGU U AUUUAUUG 


2452 



GAADGUCU C CGAGGUCA 
AGACCCUU A CAUGCCAG 
GGGUACUU C CCCCAGGC 
GGGCUUCU C CACAGGUC 
UUUUGUCTJ C AGCCACCG 
CGGAGACU A ACTOGAUG 
GAGAACCU C GGCCCGGG 
ACAUACAU U CCUACCCU 
CUGGACCU C AGGCCACA 
UCAEGCDU C ACAGAACU 
ACACAGCU C UCAGUAGU 
CUCCUGGU C CCGGUCGC 
AUCCAAUU C AOjCUGAA 
GADCACAD U CACGGCGC 
AUCACAUU C ACGGU G CU 
AUCAGGAU A UACAAGUU 
GAGCAGGU U AACAUGUA 
GGAAAGAU C AUACGGGU 
ACAGUUAU U UAUUGAGU 
GCCCUGGU C CUCCAAUG 
CAGGAUAU A CAAGUUAC 
GGAAAGAU C AUACGGGU 
UUGGGCUU C UCCACAGG 
GGGUACUU C CCCCAGGC 
GGGCCUGU C GGUGCUCA 
CUGCUCGU A GACCUCUC 
CCCUGCCU C CUCCCACA 
CCADCCAU C CCACAGAA 
CUUGUGUU C CCUGGAAG 
GAACUGCU C UUCCUCUU 
GACUUCCU U CUCUAUUA 
GCUGAUUU C UUUCACGA 
CUGCUCUU C CUCUUGCG 
UGAUUUCU U UCACGAGU 
AUUUCUUU C ACGAGUCA 
UAUCCGGU A GACACAAG 
UAAAUACU A UGUGGACG 
UGUGCUAU A UGGUCCUC 
CAAUUUCU C AUGCUUCA 
AUCAGGAU A UACAAGUU 
UCAUGCUU C ACAGAACU 
UUAUUAAU U CAGAGUUC 
CCUGGGGU U GGAGACUA 
UCAGAGUU C UGACAGUU 
CGGAGGAU C ACAAACGA 
°GAACAGU A CUUCCCCC 
GAAGCCUU C CUGCCUCG 
GGCCUGUU U CCUGCCUC 
GCCUGUUU C CUGCCCCU 
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2455 

2459 

2460 

2479 

2480 

2483 

2484 

2492 

2504 

2508 

2509 

2510 

2520 

2521 

2533 

2540 

2545 

2568 

2579 

2585 

2588 

2591 

2593 

2596 

2601 

2602 

2607 

2608 

2609 

2620 

2626 

2628 

2635 

2640 

2641 

2642 

2653 

2659 

2689 

2691 

2700 

2704 

2711 

2712 

2721 

2724 

2744 

2750 

2759 



ACADUCCU 
CCCUGCCU 
CCUACCUU 
UUACACCU 
GUCGCCGU 
ACCUUCGU 
CCUUUGUU 
GACCACCU 
ACCUACAU 
ACAUACAD 
CADACAUU 



CCUUDGUU 
CUCCCACA 
GUUCCCAA 
UUACCGCC 
GUGAUCCC 
CCCAADGU 
CCAADGUC 
CCCACCDA 
CADUCCUA 
CCUACCUU 
CUACCUUU 



CCAADGUC 
ACCCCUCA 
AGGOADCC 
CGGACUUU 
UGUGUCAG 



CCACAGCC 
UUGCGAAG 
CCCCDGCa 
COGGOOGC 
DGGUCCDC 

gccguugu 
ucaccagg 

CCGDGGGA 



GUCCADUU A CACCOAUa 
ACCUUUGU U CCCAADGU 
CCUUUGUU C 
ACAGCADU U 
UCGGCGOJ c 
AGGCAGCU C 
CAGAGAUU U 
CCUGCACU U UGCCCUGG 
CUGCUCGU A GACCUCUC 

ugccuccu C 
c ucuuc c u c 

UCUCUADU A 

cuccuugu c 

UGDGCUAU A 
GUCCUGGU C 
GUGGGAGU A 
CUUUAGCU C 
UGGAGACU A ACUGGADG 
UCAGAGUU C UGACAGUU 
CUCDCAGD A GUGCUGCU 
UACAACUU U UCAGCDCC 
UCACAGAU C CAADDCAC 
GCUCAGGU A UCCAUCCA 
CCCCACCU A CADACADD 
GCCUGUUU C CDGCCUCU 
CCACAGGU C AGGGUGCU 
AGAAGGGU C CUGCAAGC 
ACUAGGGU C CUGAAGCU 
DCAGGCCU A AGAGGACU 
AGGGUACa a CCCCCAGG. 
GACCACCU C CCCACCUA 
CCCUACCU U AGGAAGGD 
CCUACCUU A GGAAGGUG 
GGAAAGAU C AUACGGGU 
AAGAUCAD A CGGGUUUG 
GGGUGGAU C CGUGCAGG 
GUCCCUGU U UAAAAACC 
GACGAACU A UCGAGUGG 



2761 

2765 

2769 

2797 

2803 

2804 

2813 

2815 

2821 

2822 

2823 

2829 

2837 

2840 

2847 

2853 

2860 

2872 

2877 

2899 

2900 

2904 

2905 

2906 

2907 

2908 

2909 

2910 

2911 

2912 

2913 

2914 

2915 

2916 

2917 

2918 

2919 

2931 

2933 

2941 

2951 

2952 

2955 

2956 

2961 

2962 

2965 

2966 

2969 



CGGACUUU 
CUUUUGCU 
UUCUCUAU 
CGUGAAAU 
CUCADGCU 
UCADGCUU 
GCUCCCAD 
CGGACUUU 
CCUGACCU 
UACAACUU 
CAACUUUU 
UCGGUGCU 
CACAGGGU 
GCACCCCU 
UUACCCCU 
UUCGADCU 
U CUUG U G U 
GGGCCUGU 
UGGAGUCU 
AGGCAGCU 
GGCUGACU 
GAACUGCU 
GGCUGACU 
GUUGAUGU 
OTGCUCUU 
UGADGUAU 
GAACUGCU 
ACUUCCUU 
UUCCUUCU 
AUGUAUUU 
UGUGUAUU 
GUAUUUAU 
UAUUUAUU 
CUCUUCCU 
CUUCCUCU 
AUU UC UU U 
U U U UU UGU 
GADGGUGU 
UGGAGUCU 
CAGUACUU 
ACCADGCU 
CCGGACUU 
UGCUUCCU 
CUUUCCUU 
UUUUGUGU 
UGUGUAUU 
CUUUGAAU 
UGGAAGCU 
GAAUCAAU 



C GADCUUCC 
C UGCGGCCU 
U ACCCCUGC 
U AUGGUCAA 
CACAGAAC 
ACAGAACU 
CUGACCCU 
GADCUUCC 
CUGGAGGU 
UCAGCUCC 
AGCUCCCA 
AGGOADCC 
CUUCCCCC 
CCAGCGCA 
ACCCACCU 
CCGACDAG 
CCCUGGAA 
GGUGCUCA 
CCAGCACC 
CGGACUUU 
CCUUCUCU 
UUCCUCUU 
CCUUCUCU 
UUUADUAA 
CUCUUGCG 
UADUAADD 
UUCCUCUU 
UCUADUAC 
UAUUACCC 
DUAADUCA 
GUUCCCAG 
AAUUCAGA 
ADUCAGAG 
UUGCGAAG 
GCGAAGAC 
ACGAGUCA 
AGCCACUG 
CCGCUGCC 
C CCAGCACC 
C CCCCAGGC 
D CCUCUGAC 
D CGAUCUUC 
UGACAUGG 
GAAUCAAU 
AGCCACUG 
GUUCCCAG 
AADAAAGU 
UUCAAGCU 
AAGUUUUA 



U 
C 
C 
C 

c 
u 
c 
c 

A 

c 
c 
u 

XJ 

c 
c 
c 
u 
c 
u 

A 

c 
u 
c 
c 
c 

A 

c 
u 

A 

c 
u 
c 
c 

c. 
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2975 OGGAAGCU C ODCAAGOJ 

2976 UADADGGU C CCCACCOG 

2977 GAAGCOCU D CAAGCDGA 
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Table 10: Rat ICAM HH Ribozyme Sequences 



at; Rat HH Ribozyme Sequence 
Position 

11 OCAGCGOG COGADGAGGCCGAAAGGCCGAA ADCGGACC 

23 OAGAGAAG CDGADGAGGCCGAAAGGCCGAA AAGUCAGC 

26 AAGAGGAA COGADGAGGCCGAAAGGCCGAA AGCAGUUC 

31 AGGACCAG COGADGAGGCCGAAAGGCCGAA AGCAGAGG 

34 GOADAOCO COGADGAGGCC22AAAGGCCGAA AGCOOCAG 

40 GGGGC00G COGADGAGGCCGAAAGGCCGAA ACCu'UGAG 

48 CCCAGGCC COGADGAGGCCGAAAGGCCGAA AGGOUCOC 

54 GGCCCAGG CIJGADGAGGCCGAAAGGCCGAA AGGCGGGG 

58 GGGAGCUA COGADGAGGCCGAAAGGCCGAA AGGCACGG 

64 ACGGG00G COGADGAGGCCGAAAGGCCGAA AGCCADOG 

96 AGGACCAG COGADGAGGCCGAAAGGCCGAA AGCAGAGG 

102 GCGACCAG CDGADGAGGCCGAAAGGCCGAA ACCAGGAG 

108 AGOOCCCC COGADGAGGCCGAAAGGCCGAA AGCAGOCC 

115 OGGGAACA COGADGAGGCCGAAAGGCCGAA AGGUAGGA 

119 GAGOOGGG COGADGAGGCCGAAAGGCCGAA ACAGOGOC 

120 GGCCCGGG COGADGAGGCCGAAAGGCCGAA ADCACAAC 
146 GGAGOUCC COGADGAGGCCGAAAGGCCGAA AGGUCOGG 
152 O0GAGG0G COGADGAGGCCGAAAGGCCGAA AGCCGGGO 
158 UGACCfCGU CDGADGAGGCCGAAAGGCCGAA AAAGAAAO 
165 GGGGGAAG COGADGAGGCCGAAAGGCCGAA ACOGOOCA 
163 CGAGGCAG COGADGAGGCCGAAAGGCCGAA AAGGCDDC 
185 CCOGCACG CDGADGAGGCCGAAAGGCCGAA ADCCACCC 
209 GGUCAGAD COGADGAGGCCGAAAGGCCGAA AGGGGCDG 
227 OOCACAGO CDGADGAGGCCGAAAGGCCGAA ACDCGGDC 
230 CCDCCCAC CDGADGAGGCCGAAAGGCCGAA ACAGCDDG 
237 GGGGDGDC CDGADGAGGCCGAAAGGCCGAA AGCOOCAG 
248 DCCDAAGG COGADGAGGCCGAAAGGCCGAA AGGGGGCC 
253 CCDCCACD CDGADGAGGCCGAAAGGCCGAA AGGCAGUG 
263 GCADGAGA CDGADGAGGCCGAAAGGCCGAA ADOGGCDC 
267 CGAGGCAG COGADGAGGCCGAAAGGCCGAA AAGGCDDC 
293 DCAGCDDG COGADGAGGCCGAAAGGCCGAA AGAGCDDC 
319 OCGOOCGO COGADGAGGCCGAAAGGCCGAA ADCCDCCG 
335 AGDDCOCA COGADGAGGCCGAAAGGCCGAA AGCACAGD 

337 GAGGACCA CDGADGAGGCCGAAAGGCCGAA ADAGCACA 

338 CDCAGCDD COGADGAGGCCGAAAGGCCGAA AAGAGCOO 
359 AAGCCGAG CDGADGAGGCCGAAAGGCCGAA ACOGCGDG 
367 ACGGGOOG COGADGAGGCCGAAAGGCCGAA AGCCADDG 

374 AGGDGGGD COGADGAGGCCGAAAGGCCGAA AGGGGDAA 

375 GAGGCAGG COGADGAGGCCGAAAGGCCGAA AGGCDDCO 
378 DACCCOGO COGADGAGGCCGAAAGGCCGAA AGGDGGGD 
386 AGCOCCAA COGADGAGGCCGAAAGGCCGAA ACACAGCG 
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394 CTOUUCAG CUGADGAGGCCGAAAGGCCGAA AGCACCAC 

420 UGCGCUGG CUGADGAGGCCGAAAGGCCGAA AGGGGUGC 

425 GGUGGCAG CDGADGAGGCCGAAAGGCCGAA AGCCGAGG 

427 UGGUODOU CUGADGAGGCCGAAAGGCCGAA AACAGGGA 

450 CGCAGGAU CUGADGAGGCCGAAAGGCCGAA AGGUUCUU 

4 51 GCCDGGGG CUGADGAGGCCGAAAGGCCGAA AAGUACCC 
456 OGGUGGCA COGADGAGGCCGAAAGGCCGAA AAGCCGAG 
495 UACACAGU CUGADGAGGCCGAAAGGCCGAA ADGGUGGC 
510 UUCCCACG COGAUGAGGCCGAAAGGCCGAA AGCAGCAC 
564 GUGGOGGG OXStfXSAGGCCGAAAGGCCGAA ACADUUDC 
592 UCCCOGGD CUGADGAGGCCGAAAGGCCGAA ADACUCCC 
€07 GCADGAGA CUGADGAGGCCGAAAGGCCGAA ADDGGCUC 

608 AGCADGAG CUGADGAGGCCGAAAGGCCGAA AADUGGCU 

609 AAGCADGA CUGADGAGGCCGAAAGGCCGAA AAADDGGC 
6il U GAAGCAU CUGADGAGGCCGAAAGGCCGAA AGAAADUG 

656 CADUCUCG CUGADGAGGCCGAAAGGCCGAA ACAGOGAC 

657 ACADUCUU CUGADGAGGCCGAAAGGCCGAA AACAGDGA 
668 AAGAGGAA OTGADGAGGCCGAAAGGCCGAA AGGAGUOC 
677 UGCGCDGG CUGADGAGGCCGAAAGGCCGAA AGGGGDGC 
684 AAAGUCCG CUGAIX3AGGCOGAAAGGCCGAA AGCUGCCU 
692 GGAGODCC CUGADGAGGCCGAAAGGCCGAA AGGUCUGG 
653 GGAAGADC CUGATCAGGCCGAAAGGCCGAA AAAGUCCG 
656 AGAGGCAG CUGADGAGGCCGAAAGGCCGAA AAACAGGC 
709 GUGAGGGG CUGADGAGGCCGAAAGGCCGAA AAADGCDG 
720 GAGCUGAA CUGADGAGGCCGAAAGGCCGAA AGUUGUAG 
723 DGGGAGCU CUGADGAGGCCGAAAGGCCGAA AAAAGUDG 
735 GCGACCAG CUGAIX2AGGCCGAAAGGCCGAA ACCAGGAG 
738 UCCACCCC CUGADGAGGCCGAAAGGCCGAA AGGCAGGA 
765 AGUUCDCA CUGADGAGGCCGAAAGGCCGAA AGCACAGU 

769 UUCCAGGG CUGADGAGGCCGAAAGGCCGAA ACACAAGA 

770 CUDCCAGG CUGADGAGGCCGAAAGGCCGAA AACACAAG 

785 AGGCAGGA CUGADGAGGCCGAAAGGCCGAA ACAGGCCU 

78 6 GAGGCAGG CUGADGAGGCCGAAAGGCCGAA AACAGGCC 
792 GCG ACCAG CUGADGAGGCCGAAAGGCCGAA ACCAGGAG 
794 GAGCDOCA CUGADGAGGCCGAAAGGCCGAA AGGCAGGA 
807 DCCAGGOA CUGADGAGGCCGAAAGGCCGAA ADCOGAGC 
833 UAGUCOCC CUGADGAGGCCGAAAGGCCGAA ACCCCAGG 
846 CAAX2AAA0 CUGADGAGGCCGAAAGGCCGAA ACDGUCAG 
351 AGCUGCUA CUGADGAGGCCGAAAGGCCGAA AGGUGAGC 
8 63 ACGGGUUG CUGADGAGGCCGAAAGGCCGAA AGCCADDG 

866 PG UCAG AG CUGADGAGGCCGAAAGGCCGAA AAGCADGG 

867 TOGTOGGG CUGADGAGGCCGAAAGGCCGAA AGGUGGOC 
869 CUUCGCAA CUGADGAGGCCGAAAGGCCGAA AGGAAGAG 
881 CACGGGUD CUGADGAGGCCGAAAGGCCGAA AAGCCADD 
885 UDCACAGD CUGADGAGGCCGAAAGGCCGAA ACUOGGDC 
533 COSGGAAC CUGADGAGGCCGAAAGGCCGAA AADACACA 
536 U GACACAA CUGADGAGGCCGAAAGGCCGAA ADCOCOGC 
578 AAGUGGUA CUGAUGAGGCCGAAAGGCCGAA AUUCUCAA 
980 AAAAGUUG CUGADGAGGCCGAAAGGCCGAA AGADUCUC 
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986 GAGCUGAA CUGADGAGGCCGAAAGGCCGAA AGUUGUAG 

987 GGAGCDGA CUGADGAGGCCGAAAGGCCGAA AAGUUGDA 

988 GGGAGCGG CTGADGAGGCCGAAAGGCCGAA AAAGUDGU 

1005 GACGCCAC CUGADGAGGCCGAAAGGCCGAA ADCACGAA 

1006 CCUGGUGA CUGADGAGGCCGAAAGGCCGAA ACUCCCAC 
1023 CCUUCUGA CUGADGAGGCCGAAAGGCCGAA ACCUCCGG 
1025 CCCCUUCU CUGADGAGGCCGAAAGGCCGAA AGACCUCC 
1066 UTOGGAAC CTGADGAGGCCGAAAGGCCGAA AAGGDAGG 

1092 . UCUGCUGA CUGADGAGGCCGAAAGGCCGAA ACCCCUCU 

1093 AGGGGCUG CUGADGAGGCCGAAAGGCCGAA ADUCCCCU 
1125 AUCAACAA CUGADGAGGCCGAAAGGCCGAA AGUUGGGG 

1163 AGCAAAAG CUGADGAGGCCGAAAGGCCGAA AGCGCCGU 

1164 GAGCAAAA CUGADGAGGCCGAAAGGCCGAA AAGCGUCG 
1166 CAGAGCAA CUGADGAGGCCGAAAGGCCGAA AGAAGCGU 
1172 AGGCCGCA CUGADGAGGCCGAAAGGCCGAA AGCAAAAG 

1200 UUCAGUGU CUGADGAGGCCGAAAGGCCGAA AADUGGAD 

1201 CCDGUGGA CUGADGAGGCCGAAAGGCCGAA AAGCCCAA 
1203 GACCUGUG CUGADGAGGCCGAAAGGCCGAA AGAAGCCC 

1227 AGCACAUG CUGADGAGGCCGAAAGGCCGAA AGUUCCAA 

1228 ACGAUCAC CUGADGAGGCCGAAAGGCCGAA AAGCCCGC 
1233 GCGACCAG CUGADGAGGCCGAAAGGCCGAA ACCAGGAG 
1238 GAGGACCA CUGADGAGGCCGAAAGGCCGAA ADAGCACA 
1264 ACCCGUAU CUGADGAGGCCGAAAGGCCGAA AUCUDUCC 
1267 CADDCUUG CUGADGAGGCCGAAAGGCCGAA ACAGUGAC 

1294 CUGACACA CUGADGAGGCCGAAAGGCCGAA AADCUCUG 

1295 UCUGCUGA CUGADGAGGCCGAAAGGCCGAA ACCCCUCU 
1306 GCAUGUAA CUGADGAGGCCGAAAGGCCGAA AGUCUGCU 
1321 DUUCCCCA CUGADGAGGCCGAAAGGCCGAA ACUCUGUU 
1334 GCUCUGGG CUGADGAGGCCGAAAGGCCGAA ACGAADAC 
1344 GGADACCD CUGADGAGGCCGAAAGGCCGAA AGCACCGA 
1351 AGUCCUCU CUGADGAGGCCGAAAGGCCGAA AGGCCUGA 
1353 CCADUGUU CUGADGAGGCCGAAAGGCCGAA AGCUGCUA 

1366 CCUGGGGG CUGADGAGGCCGAAAGGCCGAA AGUACCCU 

1367 GCCUGGGG CUGADGAGGCCGAAAGGCCGAA AAGUACCC 

1368 GGCAGCGG CUGADGAGGCCGAAAGGCCGAA ACACCADC 
1380 ACCADCCC CUGADGAGGCCGAAAGGCCGAA ADAGGCAG 
1388 CADCCAGU CUGADGAGGCCGAAAGGCCGAA AGUCDCCA 
1398 DGUCCDGU CUGADGAGGCCGAAAGGCCGAA ACAGCCAG 
1402 CAGUUCUC CUGADGAGGCCGAAAGGCCGAA AAGCACAG 
1^08 GACGCCAC CUGADGAGGCCGAAAGGCCGAA ADCACGAA 
l 4i0 GUCCACUC CUGADGAGGCCGAAAGGCCGAA ADAGUDCG 
1^21 GCCUGGGG CUGADGAGGCCGAAAGGCCGAA AAGUACCC 
1425 AGCCAGAG CUGADGAGGCCGAAAGGCCGAA AGGCGGGU 
I 429 CCUGAGGC CUGADGAGGCCGAAAGGCCGAA ACAAGUAD 
1444 CUCCUCCU CUGADGAGGCCGAAAGGCCGAA AGCCUUCU 
1*55 UCCCUGGU CUGADGAGGCCGAAAGGCCGAA ADACUCCC 
1482 CCUGGGGG COSADGAGGCCGAAAGGCCGAA AGUACCCU 
1484 GCAAGAGG CUGADGAGGCCGAAAGGCCGAA AGAGCAGU 
1493 UAGUCUCC CUGADGAGGCCGAAAGGCCGAA ACCCCAGG 
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1500 UUGAiCCAD CtJGATOAGGCCGAAAGGCCGAA ADUUCACG 

1503 GUGGUUGG CUGADGAGGCCGAAAGGCCGAA ACADUUUC 

1506 CCAACAAD CDGAUGAGGCCGAAAGGCCGAA ADGACCCA 

1509 UACACAGU CUGADGAGGCCGAAAGGCCGAA AUGGUGGC 

1518 ACAACGGC CUGADGAGGCCGAAAGGCCGAA ACCAGGAC 

1530 ACAADUAD CUGADGAGGCCGAAAGGCCGAA ACCCAGGU 

1533 AAGCCCGC CUGADGAGGCCGAAAGGCCGAA ADGADCAG 

1551 UACGAGCA CUGADGAGGCCGAAAGGCCGAA AGGGCCAC 

1559 OAAACAGG CUGADGAGGCCGAAAGGCCGAA ACUUCCCA 

1563 UGGGAACA CDGAUGAGGCCGAAAGGCCGAA AGGQAGGA 

1565 GGCGGUAA CUGADGAGGCCGAAAGGCCGAA AGGOGUAA 

1567 CUGGCGGU CUGADGAGGCCGAAAGGCCGAA ADAGGUGU 

1584 UADAUCCU CUGADGAGGCCGAAAGGCCGAA ADCUUCCU 

1592 GOAACUUG CUGADGAGGCCGAAAGGCCGAA ADADCCUG 

1599 GCCUUCUG CUGADGAGGCCGAAAGGCCGAA AACUUGUA 

1651 GGCUCAGG CUGADGAGGCCGAAAGGCCGAA AGGCGGGG 

1661 ACCAGGGC CUGADGAGGCCGAAAGGCCGAA AAGUGCAG 

!663 UGUCCADU CDGADGAGGCCGAAAGGCCGAA ADCUGUUC 
1678 CCCAGGCC CUGADGAGGCCGAAAGGCCGAA AGGUUCUC 

1680 GACCUGUG CUGADGAGGCCGAAAGGCCGAA AGAAGCCC 

1681 GAGGCAGG CUGADGAGGCCGAAAGGCCGAA AACAGGCC 
1684 GAGAGGUC CUGADGAGGCCGAAAGGCCGAA ACGAGCAG 

1690 AADGUADG CUGADGAGGCCGAAAGGCCGAA AGGUGGGG 

1691 GAAGADCG OJ3ADGAGGCCGAAAGGCCGAA AAGUCCGG 
1696 GCGACCAG CUGADGAGGCCGAAAGGCCGAA ACCAGGAG 
1698 UCUCCAGG CUGADGAGGCCGAAAGGCCGAA ADAUCUGA 
1737 GCACCGUG CUGADGAGGCCGAAAGGCCGAA ADGUGAUC 
1750 AADAGGUG CUGADGAGGCCGAAAGGCCGAA AAADGGAC 
1756 AGGACCAG CUGADGAGGCCGAAAGGCCGAA AGCAGAGG 
1787 CCCAGGCC CUGADGAGGCCGAAAGGCCGAA AGGUUCUC 
1790 GAGUUGGG CUGADGAGGCCGAAAGGCCGAA ACAG U GUC 
1793 GUCCAGGU CUGADGAGGCCGAAAGGCCGAA AGGACCAU 
1797 UGGUUUUU CUGADGAGGCCGAAAGGCCGAA AACAGGGA 
1802 UCCAGGUA CUGADGAGGCCGAAAGGCCGAA ADCUGAGC 

1812 DUUCCCCA CUGADGAGGCCGAAAGGCCGAA ACUCUGUU 

1813 ACGADCAC CUGADGAGGCCGAAAGGCCGAA AAGCCCGC 
1825 UACACAGU CUGADGAGGCCGAAAGGCCGAA ADGGUGGC 
1837 UACCCUGU CUGADGAGGCCGAAAGGCCGAA AGGUGGGU 
1845 GCCCCDCC CUGADGAGGCCGAAAGGCCGAA AGUCCUCU 
1856 GCAGGUCA CUGADGAGGCCGAAAGGCCGAA ADDAGGGG 
1Q 61 GGACCADA CUGADGAGGCCGAAAGGCCGAA AGCACADG 
1865 CUUGUGUC CUGADGAGGCCGAAAGGCCGAA ACCGGADA 
1868 ADUUADAD CUGADGAGGCCGAAAGGCCGAA ACUCGUGA 
1877 CCUGGGGG CUGADGAGGCCGAAAGGCCGAA AGUACUGU 
1301 UGUACCUU CUGADGAGGCCGAAAGGCCGAA AGUUUUAG 
1912 UGUCCADU CUGADGAGGCCGAAAGGCCGAA ADCUGUUC 

1322 UAGGCAAD CUGADGAGGCCGAAAGGCCGAA ACUUACAU 

1323 CUAAAGGU CUGADGAGGCCGAAAGGCCGAA AGCGUCCA 
1928 UCCAGGUA CUGADGAGGCCGAAAGGCCGAA ADCUGAGC 
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1^30 CADCCAGD CDGADGAGGCCGAAAGGCCGAA AGOCOCCA 

1964 GCUGACAC CDGADGAGGCCGAAAGGCCGAA AAADCUCU 

1983 CCCAGGCC CDGADGAGGCCGAAAGGCCGAA AGGUDCDC 

1996 AGCUUGAA CDGADGAGGCCGAAAGGCCGAA AGCDOCCA 

2005 UAGGCAAU CDGADGAGGCCGAAAGGCCGAA ACODACAD 

2013 CADCCCGA CUGADGAGGCCGAAAGGCCGAA AGGCAGCG 

2015 ACCADCCC CDGADGAGGCCGAAAGGCCGAA ADAGGCAG 

2020 GDACAGGG CDGADGAGGCCGAAAGGCCGAA ACUCAADA 

2039 DCGUUUGU CDGADGAGGCCGAAAGGCCGAA ADCCDCCG 

2040 ACCOCCAG CDGADGAGGCCGAAAGGCCGAA AGGUCAGG 
2057 AGCCADOG CDGADGAGGCCGAAAGGCCGAA AGGACCAG 
2061 DAGGDGOA CDGADGAGGCCGAAAGGCCGAA ADGGACGC 
2071 CCDGAGGC CDGADGAGGCCGAAAGGCCGAA ACAAGUAD 
2076 DDAGGCCU CDGADGAGGCCGAAAGGCCGAA AGGCDACA 

2097 ACADCAAC CDGADGAGGCCGAAAGGCCGAA ACAGUDGG 

2098 ACCD3IAG CDGADGAGGCCGAAAGGCCGAA AGGDCAGG 
2H5 CAGGACCC CDGADGAGGCCGAAAGGCCGAA AGDCGGAA 
2128 GADCADGG CDGADGAGGCCGAAAGGCCGAA ACAGCACD 
2130 AGAGGCAG CDGADGAGGCCGAAAGGCCGAA AAACAGGC 
2145 ACADCAAC CDGADGAGGCCGAAAGGCCGAA AGAGUDGG 

2152 AAGODGDA CDGADGAGGCCGAAAGGCCGAA ADDCDCAA 
2156 DCAADAAA CDGADGAGGCCGAAAGGCCGAA AACDGDCA 

2158 AADDAADA CDGADGAGGCCGAAAGGCCGAA AUACADCA 

2159 GAADUAAD CDGADGAGGCCGAAAGGCCGAA AADACADC 

2160 UGAADDAA CDGADGAGGCCGAAAGGCCGAA AAADACAD 
2 162 AACAAAGG CDGADGAGGCCGAAAGGCCGAA AGGAADGD 

215 3 . CDCDGAAD CDGADGAGGCCGAAAGGCCGAA AADAAADA 

2 166 AADDAADA CDGADGAGGCCGAAAGGCCGAA ADACADCA 

2 167 GAADDAA0 CDGADGAGGCCGAAAGGCCGAA AADACADC 

2170 OCDGAADD CDGADGAGGCCGAAAGGCCGAA ADAAADAC 

2171 UACOCAAD CDGADGAGGCCGAAAGGCCGAA AADAACDG 

2173 GAGGACCA CDGADGAGGCCGAAAGGCCGAA ADAGCACA 

2174 AGCAGGGG CDGADGAGGCCGAAAGGCCGAA AADAGAGA 

2175 DGAClk.\iU CDGADGAGGCCGAAAGGCCGAA AAAGAAAD 

2176 GDGGUDGG CDGADGAGGCCGAAAGGCCGAA ACADUUDC 
2183 DCAADAAA CDGADGAGGCCGAAAGGCCGAA AACDGDCA 

2185 ACDCAADA CDGADGAGGCCGAAAGGCCGAA ADAACDGD 

2186 OACDCAAD CDGADGAGGCCGAAAGGCCGAA AADAACDG 

2187 GOACDCAA CDGADGAGGCCGAAAGGCCGAA AAADAACD 
2189 GGGDACDC CDGADGAGGCCGAAAGGCCGAA ADAAADAA 
2136 CAADAAAP CDGADGAGGCCGAAAGGCCGAA ACOGDCAG 

2198 DGACCDCG CDGADGAGGCCGAAAGGCCGAA AGACADDC 

2199 COGGCADG CDGADGAGGCCGAAAGGCCGAA AAGAGDCD 

2200 GCCDGGGG CDGADGAGGCCGAAAGGCCGAA AAGOACCC 

2201 GACCOGDG CDGADGAGGCCGAAAGGCCGAA AGAAGCCC 
2205 CAGDGGCQ CDGADGAGGCCGAAAGGCCGAA ACACAAAA 
2210 CADCCAGD CDGADGAGGCCGAAAGGCCGAA AGOCOCCA 
2220 CCCAGGCC CDGADGAGGCCGAAAGGCCGAA AGGDDCDC 
2224 AAGGDAGG CDGADGAGGCCGAAAGGCCGAA ADGDADGD 
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2226 

2233 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

227? 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 . 

2417 

2418 

2425 

2426 • 

2433 

2434 

2448 

2449 

2451 

2452 

2455 

2459 

2460 

2479 

2480 
2483 
2484 
2492 



UGUGGCCU CDGADGAGGCCGAAAGGCOSAA AGGUCCAG 
AGUUCUGD CUGADGAGGCXX2AAAGGCXX2AA AAGCADGA 
ACUACUGA OX3ADGAGGCCGAAAGGCCGAA AGCUGUGU 
GCGACCAG OJGADGAGGCCGAAAGGCCGAA ACCAGGAG 
UUCAGUGU CUGADGAGGCOGAAAGGCOGAA AAUCGGA0 
GCACCGUG CUGADGAGGCCGAAAGGCCGAA ADGCGAUC 
AGCACCGD CUGADGAGGCCGAAAGGCCGAA AADGUGAU 
AACUUGUA OJGAUGAGGCCGAAAGGCCGAA AUCCUGAU 
UACADGUD CUGADGAGGCCGAAAGGCCGAA ACCUGCUC 
ACCCGOAD CUGADGAGGCCGAAAGGCCGAA ADCUUGCC 
ACUCAADA CUGADGAGGCCGAAAGGCCGAA ADAACUGU 
CADOGGAG CUGADGAGGCCGAAAGGCCGAA ACCAGGGC 
GOAACUUG CUGADGAGGCOGAAAGGCOGAA ADADCCUG 
ACCCGQ A0 OJGADGAGGCCGAAAGGCCGAA ACCUUUCC 
CCDGUGGA CUGADGAGGCCGAAAGGCCGAA AAGCCCAA 
GCCUGGGG COGADGAGGCOGAAAGGCCGAA AAGUACCC 
UGAGCACC CUGADGAGGCOGAAAGGCOGAA ACAGGCCC 
GAGAGGUC CUGADGAGGCOGAAAGGCOGAA ACGAGCAG 
UGUGGGAG CUGADGAGGCOGAAAGGCOGAA AGGCAGGG 
UUCUGUGG CUGADGAGGCCGAAAGGCCGAA ADGGADGG 
CUUCCAGG CUGADGAGGCCGAAAGGCCGAA AACACAAG 
AAGAGGAA CUGADGAGGCCGAAAGGCCGAA AGCAGUUC 
OAAUAGAG CUGADGAGGCOGAAAGGCOGAA AGGAAGUC 
UCGUGAAA CUGADGAGGCCGAAAGGCCGAA AAAUCAGC 
CGCA AGAG CUGADGAGGCCGAAAGGCCGAA AAGAGCAG 
ACUCGDGA CUGADGAGGCCGAAAGGCCGAA AGAAADCA 
U^ACUCGU CUGADGAGGCCGAAAGGCCGAA AAAGAAAU 
^fUGUC CUGADGAGGCCGAAAGGCCGAA ACCGGADA 
CGUCCACA CUGADGAGGCCGAAAGGCCGAA AGUADUUA 
GA GGACCA CUGADGAGGCCGAAAGGCCGAA ADAGCACA 
EGAAGCAD CUGADGAGGCCGAAAGGCCGAA AGAAADUG 
AACUUOTl CUGADGAGGCCGAAAGGCCGAA ADCCUGAU 
AGUUCUGD COGAXJ3AGGCCGAAAGGCOGAA AAGCADGA 
GAACUCUG CUGADGAGGCCGAAAGGCCGAA ADUAADAA 
PAGUCUCC CUGADGAGGCOGAAAGGCOGAA ACCCCAGG 
AA CUGUCA CUGADGAGGCCGAAAGGCCGAA AACUCUGA 
Ucuuuuuu CUGADGAGGCCGAAAGGCCGAA ADCCUCCG 
GGGGGAAG CUGADGAGGCCGAAAGGCCGAA ACUGUUCA 
CGAGGCAG CUGADGAGGCCGAAAGGCCGAA AAGGCUUC 
GAGGCAGG CUGADGAGGCCGAAAGGCCGAA AACAGGCC 
AGAGGCAG CUGADGAGGCCGAAAGGCCGAA AAACAGGC 
AACAAAGG CUGADGAGGCCGAAAGGCCGAA AGGAADGU 
TOUGGGAG CUGADGAGGCCGAAAGGCCGAA AGGCAGGG 
TOGGGAAC CUGADGAGGCCGAAAGGCCGAA AAGGUAGG 
GGCGGUAA CUGADGAGGCCGAAAGGCCGAA AGGuGUAA 
GGGADCAC CUGADGAGGCCGAAAGGCCGAA ACGGCGAC 
ACAUUGGG CUGADGAGGCCGAAAGGCCGAA ACAAAGGU 
GACADUGG CUGADGAGGCCGAAAGGCCGAA AACAAAGG 
UAGGUGGG CUGADGAGGCCGAAAGGCCGAA AGGUGGUC 
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2504 DAGGAADG CUGADGAGGCCGAAAGGCCGAA ADGUAGGU 

2508 AAGGOAGG CUGADGAGGCCGAAAGGCCGAA ADGUAUGU 

2509 AAAGGUAG CUGADGAGGCCGAAAGGCCGAA AADGOADG 

2510 AAOAGGUG CUGADGAGGCCGAAAGGCCGAA AAADGGAC 

2520 ACADUGGG CTOADGAGGCCGAAAGGCCGAA ACAAAGGU 

2521 GACAUDGG CUGADGAGGCCGAAAGGCCGAA AACAAAGG < 
2533 DGAGGGGD CUGADGAGGCCGAAAGGCCGAA AADGCDGD 
2540 GGADACCU CUGADGAGGCCGAAAGGCCGAA AGCACCGA 
2545 AAAGDCCG CDGADGAGGCCGAAAGGCCGAA AGCDGCCU 
2568 CUGACACA CUGADGAGGCCGAAAGGCCGAA AADCOCDG 
2579 CCAGGGCA CUGADGAGGCCGAAAGGCCGAA AGOGCAGG 
2585 GAGAGGUC CUGADGAGGCCGAAAGGCCGAA ACGAGCAG 
2588 GGCUGUGG CUGADGAGGCCGAAAGGCCGAA AGGAGGCA 
2591 CUUCGCAA CUGADGAGGCCGAAAGGCCGAA AGGAAGAG 
2593 AGCAGGGG CUGADGAGGCCGAAAGGCCGAA AADAGAGA 
2596 GCGACCAG CUGADGAGGCCGAAAGGCCGAA AOCAGGAG 

2601 GAGGACCA CUGADGAGGCCGAAAGGCCGAA AHAGCACA 

2602 ACAACGGC CUGADGAGGCCGAAAGGCCGAA ACCAGGAC 

2607 CCUGGUGA CUGAIXSAGGCCGAAAGGCCGAA ACUCCCAC 

2608 DCCCACGG CUGADGAGGCCGAAAGGCCGAA AGCUAAAG 

2609 CADCCAGU CUGADGAGGCCGAAAGGCCGAA AGUCUCCA 
2620 AACUGUCA CUGADGAGGCCGAAAGGCCGAA AACDCOGA 
2626 AGCAGCAC CUGADGAGGCCGAAAGGCCGAA ACUGAGAG 
2628 GGAGCUGA CUGADGAGGCCGAAAGGCCGAA AAGUUGDA 
2635 GDGAADUG CUGADGAGGCCGAAAGGCCGAA ADCUGUGA 

2640 UGGADGGA CUGA03AGGCCGAAAGGCCGAA ACCOGAGC 

2641 AADGUADG CUGADGAGGCCGAAAGGCCGAA AGGUGGGG 

2642 AGAGGCAG CUGADGAGGCCGAAAGGCCGAA AAACAGGC 
2653 AGCACCOJ CUGADGAGGCCGAAAGGCCGAA ACCDGDGG 
2659 GCOUGCAG CTOADGAGGCCGAAAGGCCGAA ACCCUDCD 
2689 AGCUUCAG CUGADGAGGCCGAAAGGCCGAA ACCCOAGU 
2691 AGUCCDCa CUGADGAGGCCGAAAGGCCGAA AGGCCDGA 
2700 CCDGGGGG CUGADGAGGCCGAAAGGCCGAA AGUACCCU 
2704 UAGGUGGG CUGADGAGGCCGAAAGGCCGAA AGGUGGDC 

2711 ACCUUCCU CUGADGAGGCCGAAAGGCCGAA AGGDAGGG 

2712 CACCUUCC CTOADGAGGCCGAAAGGCOGAA AAGGUAGG 
2721 ACCCGOAD CUGADGAGGCCGAAAGGCCGAA ADCUUUCC 
2724 CAAACCCG CUGADGAGGCCGAAAGGCCGAA ADGADCUU 
2744 C CDGCAOG CUGADGAGGCCGAAAGGCCGAA ADCCACCC 
2750 GGUUUUUA CUGADGAGGCCGAAAGGCCGAA ACAGGGAC 
2759 CCACUCGA CUGADGAGGCCGAAAGGCCGAA AGDUCGDC 
2761 GGAAGADC CUGADGAGGCCGAAAGGCCGAA AAAGDCCG 
2765 AGGCCGCA CUGADGAGGCCGAAAGGCCGAA AGCAAAAG 
2769 GCAGGGGU CUGADGAGGCCGAAAGGCCGAA ADAGAGAA 
2797 UUGACCA0 CUGADGAGGCCGAAAGGCCGAA ADDDCACG 

2803 GUUCUGOG CUGADGAGGCCGAAAGGCCGAA AGCADGAG 

2804 AGUUCUGU CUGADGAGGCCGAAAGGCCGAA AAGCADGA 
2813 AGGGUCAG CUGADGAGGCCGAAAGGCCGAA ADGGGAGC 
2815 GGAAGADC CUGADGAGGCCGAAAGGCCGAA AAAGDCCG 
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2821 
2822 
2823 
2829 
2837 
2840 
2847 
.2853 
2860 
2872 
2877 
2899 
2900 
2904 
2905 
2906 
2907 
2908 
2909 
2910 
2911 
2912 
2913 
2914 
2915 
2916 
2917 
2918 
2919 
2931 
2933 
2941 
2951 
2952 
2955 
.2956 
2961 
2962 
2965 
2966 
2969 
2975 
2975 
2977 



ACCUCCAG OTGADGAGGCCGAAAGGCCGAA AGGCCAGG 
GGAGCCGA OTGADGAGGCCGAAAGGCCGAA AAGUUGUA 
UGGGAGCU COGADGAGGCCGAAAGGCCGAA AAAAGUUG 
GGAUACCU CUGAUGAGGCCGAAAGGCCGAA AGCACCGA 
GGGGGAAG CUGAIX2AGGCCGAAAGGCCGAA ACCCUGuG 
UGCGCCGG CCGATCAGGCCGAAAGGCCGAA AGGGGCGC 
AGGGGGGU COGADGAGGCCGAAAGGCCGAA AGGGGUAA 
CUAGUCGG COGADGAGGCCGAAAGGCCGAA AGADCGAA 
UUCCAGGG COGADGAGGCCGAAAGGCCGAA ACACAAGA 
UGAGCACC OXSADGAGGCCGAAAGGCCGAA ACAGGCCC 
GGCGCCGG CTCADGAGGCCGAAAGGCCGAA AGACOCCA 
AAAGOCCG COGADGAGGCCGAAAGGCCGAA AGCOGCCO 
AGAGAAGG COGADGAGGCCGAAAGGCCGAA AGUCAGCC 
AAGAGGAA CDGADGAGGOCGAAAGGCCGAA AGCAGUUC 
AGAGAAGG COGADGAGGCCGAAAGGCCGAA AGUCAGCC 
UUAADAAA CTOADGAGGCCGAAAGGCCGAA ACADCAAC 
CGCAAGAG COGADGAGGCCGAAAGGCCGAA AAGAGCAG 
AADUAADA COGADGAGGCCGAAAGGCCGAA ADACADCA 
AAGAGGAA COGADGAGGCCGAAAGGCCGAA AGCAGOOC 
GUAADAGA COGADGAGGCCGAAAGGCCGAA AAGGAAGO 
GGGOAADA COGADGAGGCCGAAAGGCCGAA AGAAGGAA 
DGAADDAA COGADGAGGCCGAAAGGCCGAA AAADACAD 
CDGGGAAC COGADGAGGCCGAAAGGCCGAA AADACACA 
DCOGAADU COGADGAGGCCGAAAGGCCGAA ADAAADAC 
CUCOGAAU COGADGAGGCCGAAAGGCCGAA AADAAADA 
CUUCGCAA COGADGAGGCCGAAAGGCCGAA AGGAAGAG 
GCCUOCGC COGADGAGGCCGAAAGGCCGAA AGAGGAAG 
OSACOCGU COGADGAGGCCGAAAGGCCGAA AAAGAAAD 
CAGOGGCO COGADGAGGCCGAAAGGCCGAA ACACAAAA 
GGCAGCGG COGADSAGGCCGAAAGGCCGAA ACACCADC 
GGOGCCGG COGADGAGGCCGAAAGGCCGAA AGACOCCA 
GCCCGGGG COGADGAGGCCGAAAGGCCGAA AAGUACOG 
GOCAGAGG COGADGAGGCCGAAAGGCCGAA AGCADGGU 
GAAGADCG COGADGAGGCCGAAAGGCCGAA AAGOCCGG 
CCADGOCA COGADGAGGCCGAAAGGCCGAA AGGAAGCA 
ADOGADDC COGADGAGGCCGAAAGGCCGAA AAGGAAAG. 
CAGOGGCO CCKSADGAGGCOGAAAGGCCGAA ACACAAAA 
CDGGGAAC OTGADGAGGCCGAAAGGCCGAA AADACACA 
ACUOUaDU COGADGAGGCCGAAAGGCCGAA ADOCAAAG 
AGCOUGAA COGADGAGGCCGAAAGGCCGAA AGCUOCCA 
DAAAACOU COGADGAGGCCGAAAGGCCGAA ADOGADDC 
AGCOUGAA COGADGAGGCCGAAAGGCCGAA AGCDOCCA 
CAGG OGAG COGADGAGGCCGAAAGGCCGAA ACCADADA 
OCAGCOOG COGADGAGGCCGAAAGGCCGAA AGAGCOOC 
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Table 11: Human IL-5 HH Target Sequence 



nt. HH Target Sequence 
Position 

8 ADGCACU 0 UCUUUGC 

9 UGCACUU U CUUUGCC 

10 GCACUUU C UUUGCCA 

12 ACUUUCU U UGCCAAA 

13 CUUUCUU U GCCAAAG 

36 AGAACGU U UCAGAGC 

37 GAACGUU U CAGAGCC 

38 AACGUUU C AGAGCCA 

56 GGADGCU U CUGCAUU 

57 GAUGCUU C UGCAUUU 

63 UCUGCAU U UGAGUUU 

64 CUGCADU U GAGUUUG 

69 UUUGAGU U UGCUAGC 

70 UUGAGUU U GCUAGCU m 
74 GUUUGCU A GC U C UU C 
78 GCUAGCU C UUGGAGC 
80 DAGCDCU U GGAGCUG 
91 GCOGCOJ A CGUGUAU 
97 UACGOGU A UGCCADC 
104 ADGCCAU C CCCACAG 

116 CAGAAAU U CCCACAA 

117 AGAAADU C CCACAAG 
130 AGUGCAU U GGOGAAA 
145 GAGACCU U GGCACOG 

155 CACUGCU U ucaAcoc 

156 ACUGCUU U CUACUCA 

157 CUGCDOU C UACUCAU 
159 GCUDDCU A CUCADCG 
162 UUCUACU C ADCGAAC 
165 UACUCAU C GAACUCU 
171 UCGAACU C UGCUGAU 
179 UGCUGAU A GCCAADG 
192 UGAGACU C UGAGGAU 

200 UGAGGAU U CCUGUUC 

201 GAGGAUU C CUJUUCC 

206 UUCCUGU U CCUGUAC 

207 UCCUGUU C CUGOACA 
212 UUCCUGU A CAUAAAA 
216 UGOACAU A AAAADCA 
222 UAAAAAU C ACCAACU 



nt . 


HH Taxget Sequence 


* WO «j» uxuu 


245 


AAGAAAU C UUUCAGG 


247 


GAAADCU O UCAGGGA 


248 


AAAUCUU U CAGGGAA 


249 


AAUCUUU C AGGGAAU 


257 


AGGGAAU A (53TAnr 


273 


GGAGAGU C AAAPTTrrrr 


291 


AGGGGGU jv rnrmr^^ 


305 


***vruattk.u A UUuwAn 


307 




308 


unUJAUU C AAAAACU 


316 


AAAAACU U GUCCUUA 




AACUUGU C CUUAAHA 




uUwUCCU U AAUAAAG 




UGUCCUU A AUAAAGA 


34D 


CCUUAAU A AAGAAAU 




AAGAAAD A CAUUGAC 




AAUACAU U GACGGCC 


^ on 


GGAGAGU A AACCAAU 


"3 QO 
OOO 


AACCAAU U CCUAGAC 


Joy 


ACCAAUU C CUAGACU 


jy^ 


AAUUCCU A GACUACC 


jy / 


CUAGACU A CCUGCAA 


a no. 

ivy 


CAAGAGU U UCUUGGU 


410 


AAGAGuU U CUUGGCG 


411 


AeftGUuu C UUGoUGU 


413 


auuuuuu U ^rvaUCiUAA 


419 


UUGGUGU A AUGAACA 


437 


AGOGGAU A AUAGAAA 


440 


GGAEAAU A GAAAGUU 


447 


AGAAAGU U GAGACUA 


454 


UGAGACU A AACUGGU 


462 


AACUGGU U UGUUGCA 


463 


ACUGGUU U GUUGCAG 


466 


GGUUUGU U GCAGCCA 


479 


CAAAGAU U UOGGAGG 


480 


AAAGAUU U UGGAGGA 


481 


AAGAUUU U GGAGGAG 


497 


AGGACAU U UUACUGC 


498 


GGACADU U UACUGCA 


499 


GACAUUU U ACUGCAG 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



215 



PCI7IB95/00156 



500 

531 

538 

539 

542 

543 

544 

545 

549 

551 

554 

555 

556 

560 

561 

573 

577 

579 

580 

581 

588 

597 

598 

611 

616 

617 

619 

620 

625 

627 

629 

630 

631 

636 

638 

644 

647 

653 

655 

656 

657 

658 

661 

672 

676 

678 

681 

682 



ACAUUUU 
AAAGAGU 
CAGGCCU 
AGGCCUD 
CCUUAAD 
CUUAADU 
UUAAUUD 
UAAuuuu 
UDUCAAD 
UCAADAD 
ADAUAAD 
UADAADD 
ADAADUD 
UUUAACU 
DUAACUD 
GGAAAGU 
AGUAAAD 
UAAAEMT 
AAADADU 
AADADDD 
CAGGCAD 
UGACACU 
GACACOU 
AAAGCAU 
ADAAAAD 
UAAAADD 
AAAUUCU 
AADUCUU 
UUAAAAD 
AAAADAD 
AAUADAU 
ADAOADU 
UADADUU 
UDCAGAD 
CAGADAU 
DCAGAAD 
GAADCAD 
UOGAAGU 
GAAGUAD 
AAGUADU 
AGUAUUU 
GUAUUUU 

ududccd 

GCAAAAU 
AADUGAU 
DUGADAD 
AUADACU 
UAUACOU 



A CUGCAGU 
C AGGCCOD 
U AAUUUUC 
A ADUUUCA 
U UDCAADA 
U UCAADAD 
17 CAADADA 
C AADAUAA 
A UAADUUA 
A ADDUAAC 
U UAACUUC 
U AACUDCA 
A ACDUCAG 
17 CAGAGGG 
C AGAGGGA 
A AADADDU 
A UUUCAGG 
U UCAGGCA 
U CAGGCAD 
C AGGCADA 
A CDGACAC 
U DGCCAGA 
U GCCAGAA 
A AAAUUCU- 
U CUUAAAA 
C UUAAAAD" 
U AAAADAU 
A AAAUADA 
A UAUUUCA 
A UUUCAGA 
U DCAGADA 
tT CAGADAD 
C AGADADC 
A UCAGAAU 
C AGAATCA 
C ADDGAAG 
U GAAGDAU 
A DDDDCCU 
IT UDCCUCC 
t7 UCC U CCA 
U CCDOCAG 
C CUCCAGG 
C CAGGCAA 
U GAUAUAC 
A DACUUUU 
A CUDDDUU 
D UUUUOJU 
D UUUOJUA 



684 

685 

686 

688' 

689 

691 

692 

693 

697 

698 

703 

704 

708 

715 

719 

720 

724 

725 

728 

731 

733 

734 

735 

745 

746 

752 

753 

757 

761 

762 

765 

767 

768 

769 

771 

772 

773 

778 

779 

783 

788 

789 
791 
794 
805 



UACtiuuu U OCUUAUU 
ACUUUUU U CDDADDD 
CUUDOUU C OUADDOA 
UUUUUCU U ADDUAAC 
DDUUCUD A DDUAACD 
UUCUUAD D UAACOUA 
DCDUADU U AACUUAA 
CUUAUUU A ACUUAAC 
DDUAACU D AACADUC 
UUAACDD A ACADDOJ 
UUAACAD U CDGUAAA 
UAACADD C CGUAAAA 
ADOCUGU A AAADGUC 
AAAADGU C UGDUAAC 
UGUCDGU D AACOUAA 
GUCDGDD A ACUUAAD 
GDUAACU U AAUAGUA 
UUAACDD A ADAGUAD 
ACUUAAD A GDADDUA 
DAAUAGU A DDUAUGA 
■ ADAGUAD U DADGAAA 
UAGUADD D ADGAAAD 
AGUADDD A DGAAAOG 
AAATOGU D AAGAADD 
AADGGDD A AGAADUU 
UAAGAAD D UGGDAAA 
AAGAADD D GGUAAAD 
ADDOGGD A AADUAGU 
GGUAAAD D AGUADDD 
GUAAADD A GDADDUA 
AADUAGD A DDDADOD 
UUAGUAD D UADUDAA 
UAGUADD D ADDUAAD 
AGUADDD A UUUAADG 
DADDUAD D UAADG UU 
ADDDADD D AADGDDA 
UUUAUUU A ADGUUAD 
DDAADGD D ADGDDGD 
UAADGDU A OG UUGU G 
GDDADGD U GTODDCD 
GDDGOGU TJ CUAADAA 
DDGDGDD C UAADAAA 
GUGDUCU A ADAAAAC 
DUCDAAD A AAACAAA 
CAAAAAD A GACAACD 
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Table 12: Human IL-5 HH Ribozyme Sequences 



at . HH Ribozyme Sequence 

Position 

8 GCAAAGA CUGADGAGGGCGAAAGGCCGAA AGCGCAU 

9 GGCAAAG C0GAD3AGGCCGAAAGGCCGAA AAGCGCA 

10 CGGCAAA CUGACGAGGCCGAAAGGCCGAA AAAGCGC 

12 DOOGGCA COGADGAGGCCGAAAGGCCGAA AGAAAGU 

13 CUUOGGC COGATCAGGGCGAAAGGCCGAA AAGAAAG 

36 GCOCOGA COGADGAGGCCGAAAGGCCGAA ACGUOCU 

37 GGCUCOG COGADGAGGCCGAAAGGCCGAA AAC50CC 

38 OGGCOOJ OJGADGAGGCCGAAAGGCCGAA AAACGUU 

56 AADGCAG CTOAOGAGGCCGAAAGGCCGAA AGCADCC 

57 AAADGCA OX3ADGAGGCaSAAAGGaX3AA AAGCADC 

63 AAACOCA COGADGAGGCCGAAAGGCCGAA AOGCAGA 

64 CAAACUC COGADGAGGCCGAAAGGCCGAA AADGCAG 

69 GCDAGCA COGADGAGGCCGAAAGGCCGAA ACUCAAA 

70 AGCOAGC COGAD3AGGCCGAAAGGCCGAA AACOCAA 
74 CAAGAGC COGADGAGGCCGAAAGGCCGAA AGCAAAC 
78 GCOCCAA COGADGAGGCCGAAAGGCCGAA AGCOAGC 
80 CAGCOCC COGADGAGGCCGAAAGGCCGAA AGAGCOA 
91 ADACACG OJGADGAGGCCGAAAGGCCGAA AGGCAGC 
97 GADGGCA COGADGAGGCCGAAAGGCCGAA ACACGDA 
104 COGOGGG COGADGAGGCCGAAAGGCCGAA ADGGCAU 

116 UOGOGGG COGADGAGGCCGAAAGGCCGAA ADDUCUG 

117 CUUGU GG OJGADGAGGCCGAAAGGCCGAA AADOOOJ 
130 UUOCACC COGADGAGGCCGAAAGGCCGAA ADGCACU 
145 CAGCGCC COGADGAGGCCGAAAGGCCGAA AGGUCUC 

155 GAGOAGA COGADGAGGCCGAAAGGCCGAA AGCAGOG 

156 DGAGDAG COGADGAGGCCGAAAGGCCGAA AAGCAGU 

157 AUGAGUA COGADGAGGCCGAAAGGCCGAA AAAGCAG 
159 CGADG AG COGADGAGGCCGAAAGGCCGAA AGAAAGC 
162 UiLHOaAD COGADGAGGCCGAAAGGCCGAA AGQAGAA 
165 AGAGOOC COGADGAGGCCGAAAGGCCGAA ADGAGUA 
171 ADCAGCA COGADGAGGCCGAAAGGCCGAA AGOOCGA 
179 CADOGGC COGADGAGGCCGAAAGGCCGAA ADCAGCA 
192 ADCCOCA COGADGAGGCCGAAAGGCCGAA AGOCUCA 

200 GAACAGG COGADGAGGCCGAAAGGCCGAA ADCCOCA 

201 GGAACAG COGADGAGGCCGAAAGGCCGAA AADCCUC 

206 GUACBGG COGADGAGGCCGAAAGGCCGAA ACAGGAA 

207 OGDACAG COGADGAGGCCGAAAGGCCGAA AACAGGA 
212 OOOOADG COGADGAGGCCGAAAGGCCGAA ACAGGAA 
216 DGADOOU COGADGAGGCCGAAAGGCCGAA ADGDACA 
222 AGOOGGD COGADGAGGCCGAAAGGCCGAA ADOOOUA 
245 CCOGAAA COGADGAGGCCGAAAGGCCGAA ADOOCDU 
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247 UCCCUGA CUGADGAGGCCGAAAGGCCGAA AGADUDC 

248 UDCCCUG CUGADGAGGCX32AAAGGCCGAA AAGAUUU 

249 AOUCCCU CUGADGAGGCCGAAAGGCCGAA AAAGADU 
257 GDGDGCC CUGADGAGGCCGAAAGGCCGAA AUUCCCU 
273 ACAGUUU CIX^UGAGGCCGAAAGGCCGAA ACUCUCC 
291 UCCACAG CUGADGAGGCCGAAAGGCCGAA ACCCCCU 
305 UUUUGAA CXJGADSAGGCCGAAAGGCCGAA AGDCUUU 

307 GUUUUUG C0GAO3AGGCCGAAAGGCCGAA AUAGUCU 

308 AGUUUUU CUGAUGAGGCCGAAAGGCCGAA AADAGUC 
315 UAAGGAC CUGADGAGGCCGAAAGGCCGAA AGOUUUU 
319 UADUAAG CUGADGAGGCCGAAAGGCCGAA ACAAGUU 

322 CUUUAUU CUGAIX2AGGCCGAAAGGCCGAA AGGACAA 

323 UCUUUAD CUGADGAGGCCGAAAGGCCGAA AAGGACA 
326 AUUUCUU CUGADGAGGCCGAAAGGCCGAA AUUAAGG 
334 GUCAADG CUGADGAGGCCGAAAGGCCGAA AUU U C U U 
338 GGCCGUC CUGADGAGGCCGAAAGGCCGAA AUGUAUU 
380 AUUGGUU CUGADGAGGCCGAAAGGCCGAA ACUCUCC 

388 GUCUAGG CUGADGAGGCCGAAAGGCCGAA AUUGG UU 

389 AGUCUAG CUGADGAGGCCGAAAGGCCGAA AAD U GGU 
392 GGUAGUC CUGADGAGGCCGAAAGGCCGAA AGGAADU 
397 UUGCAGG CUGADGAGGCCGAAAGGCCGAA AGUCUAG 

409 ACCAAGA CUGADGAGGCCGAAAGGCCGAA ACUCUUG 

410 CACCAAG CUGADGAGGCCGAAAGGCCGAA AACUCUU 

411 ACACCAA CUGADGAGGCCGAAAGGCCGAA AAACUCU 
413 UUACACC CUGADGAGGCCGAAAGGCCGAA AGAAACU 
419 UGUUCAU CUGADGAGGCCGAAAGGCCGAA ACACCAA 
437 UUUCUAD CUGADGAGGCCGAAAGGCCGAA ADCCACU 
440 AACUUUC CUGADGAGGCCGAAAGGCCGAA AUUAUCC 
447 UAGUCUC CUGADGAGGCCGAAAGGCCGAA ACUUUCU 
454 ACCAGUU CUGADGAGGCCGAAAGGCCGAA AGUCUCA 

462 UGCAACA CUGADGAGGCCGAAAGGCCGAA ACCAGUU 

463 CUGCAAC CUGADGAGGCCGAAAGGCCGAA AACCAGU 
466 * UGGCUGC CUGADGAGGCCGAAAGGCCGAA ACAAACC 

479 CCUCCAA CUGADGAGGCCGAAAGGCCGAA ADCUUDG 

480 UCCUCCA CUGADGAGGCCGAAAGGCCGAA AADCUUU 

481 CUCCUCC CUGADGAGGCCGAAAGGCCGAA AAADCUU 

497 GCAGUAA CUGADGAGGCCGAAAGGCCGAA AUGUCCU 

498 USCAGUA CUGAUGAGGCCGAAAGGCCGAA AAUGUCC 

499 CUGCAGU CUGADGAGGCCGAAAGGCCGAA AAADGUC 

500 ACUGCAG CUGADGAGGCCGAAAGGCCGAA AAAAUGU 
531 AAGGCCU CUGADGAGGCCGAAAGGCCGAA ACUCUUU 

538 GAAAADU CUGADGAGGCCGAAAGGCCGAA AGGCCUG 

539 UGAAAAD CUGAUGAGGCCGAAAGGCCGAA AAGGCCU 

542 UAUUGAA CUGADGAGGCCGAAAGGCCGAA AUUAAGG 

543 ADADUGA CUGADGAGGCCGAAAGGCCGAA AAUUAAG 

544 UAUADUG CUGADGAGGCCGAAAGGCCGAA AAADUAA 

545 UUADADU CUGADGAGGCCGAAAGGCCGAA AAAAUUA 
549 UAAADUA CUGADGAGGCCGAAAGGCCGAA ADDGAAA 
551 GUUAAAU CUGADGAGGCCGAAAGGCCGAA ADADUGA 
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GAAGOOA OTGADGAGGCCGAAAGGCCGAA ADOADAU 
DGAAGOD CDGADGAGGCCGAAAGGCCGAA AADDADA 
C DGAAGD CDGADGAGGCCGAAAGGCCGAA AAADOAU 
CCCDCDG CDGADGAGGCCGAAAGGCCGAA AGUUAAA 
UCCCDCU CDGADGAGGCCGAAAGGCCGAA AAGDDAA 
AAADADU CDGADGAGGCCGAAAGGCCGAA ACDDDCC 
CCOGAAA CDGADGAGGCCGAAAGGCCGAA AUDDACU 
DGCCDGA CDGADGAGGCCGAAAGGCCGAA ADADDDA 
ADGCCDG CDGADGAGGCCGAAAGGCCGAA AADADDU 
DADGCCD CDGADGAGGCCGAAAGGCCGAA AAADADU 
GOGDCAG CDGADGAGGCCGAAAGGCCGAA ADGCCDG 
tJC^GCA CDGADGAGGCCGAAAGGCCGAA AGDGDCA 
UDCUGGC CDGADGAGGCCGAAAGGCCGAA AAGOGUC 
AGAAD0U CDGADGAGGCCGAAAGGCCGAA AOGCDUD 
^O^AG CDGADGAGGCCGAAAGGCCGAA ADDDDAU 
ADD ^A CDGADGAGGCCGAAAGGCCGAA AADODDA 
ADADOUD CDGADGAGGCCGAAAGGCCGAA AGAADDU 
DADADDU CDGAIX3AGGCCGAAAGGCCGAA AAGAADD 
EGAAADA CDGADGAGGCCGAAAGGCCGAA ADUDOAA 
^TOAAA CDGADGAGGCCGAAAGGCCGAA ADADDOU 
OADCDGA CDGADGAGGCCGAAAGGCCGAA ADADADtJ 
ADADCOG CDGADGAGGCCGAAAGGCCGAA AADADAU 
GADADCD CDGADGAGGCCGAAAGGCCGAA AAADADA 
APPCCTSA CDGADGAGGCCGAAAGGCCGAA ADCDGAA 
DGAUDCQ CDGADGAGGCCGAAAGGCCGAA ADADCDG 
CDDCAA0 CDGADGAGGCCGAAAGGCCGAA ADDCOGA 
AUACDDC CDGADGAGGCCGAAAGGCCGAA ADGADDC 
AGGAAAA CDGADGAGGCCGAAAGGCCGAA ACDDCAA 
GGAGGAA CDGADGAGGCCGAAAGGCCGAA ADACDUC 
3GGAGGA CDGADGAGGCCGAAAGGCCGAA AADACDD 
CUGGAGG CDGADGAGGCCGAAAGGCCGAA AAADACD 
CCDGGAG CDGADGAGGCCGAAAGGCCGAA AAAADAC 
UTCCCDG CDGADGAGGCCGAAAGGCCGAA AGGAAAA 
GDADADC CDGADGAGGCCGAAAGGCCGAA ADDDDGC 
AAAAGDA CDGADGAGGCCGAAAGGCCGAA ADCAADD 
AAAAAAG CDGADGAGGCCGAAAGGCCGAA ADADCAA 
AAGAAAA CDGADGAGGCCGAAAGGCCGAA AGDADAD 
UAAGAAA CDGADGAGGCCGAAAGGCCGAA AAGDADA 
ADAAGAA CDGADGAGGCCGAAAGGCCGAA AAAGDA0 
AADAAGA CDGADGAGGCCGAAAGGCCGAA AAAAGDA 
AAADAAG CDGADGAGGCCGAAAGGCCGAA AAAAAGO 
OAAADAA CDGADGAGGCCGAAAGGCCGAA AAAAAAG 
GDUAAAU CDGADGAGGCCGAAAGGCCGAA AGAAAAA 
AGDDAAA CDGADGAGGCCGAAAGGCCGAA AAGAAAA 
°AAGDOA CDGADGAGGCCGAAAGGCCGAA ADAAGAA 
UU AAGUD CDGADGAGGCCGAAAGGCCGAA AADAAGA 
GDOAAGD CDGADGAGGCCGAAAGGCCGAA AAADAAG 
GAADGDU CDGADGAGGCCGAAAGGCCGAA AGDDAAA 
AGAADGD CDGADGAGGCCGAAAGGCCGAA AAGDDAA 
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703 DDDACAG CDGADGAGGCCGAAAGGCCGAA ADGDUAA 

704 DDODACA CDGADGAGGCCGAAAGGCCGAA AADGDUA 
708 GACADDU CDGADGAGGCCGAAAGGCCGAA ACAGAAD 
715 GOOAACA CDGADGAGGCCGAAAGGCCGAA ACADDUU 

719 OUAAGDU CDGADGAGGCCGAAAGGCCGAA ACAGACA 

720 ADUAAGD CDGATOAGGCCGAAAGGCCGAA AACAGAC 

724 UACDADU CUGATOAGGCCGAAAGGCCGAA AGDDAAC 

725 AUACUAD CDGADGAGGCCGAAAGGCCGAA AAGDDAA 
728 UAAAUAC CDGADGAGGCCGAAAGGCCGAA ADUAAGU 
731 DCADAAA CDGADGAGGCCGAAAGGCCGAA ACDADOA 

733 DDDCADA CuGADGAGGCCGAAAGGCCGAA ADACUAU 

734 ADUUCAU OX2ADGAGGCCGAAAGGCCGAA AADACUA 

735 C ADDDCA CDGADGAGGCCGAAAGGCCGAA AAADACU 

745 AADPCDD CDGATOAGGCCGAAAGGCCGAA ACC AU UU 

746 AAADOCO CDGADSAGGCCGAAAGGCCGAA AACCADU 

752 UUUACCA CDGADGAGGCCGAAAGGCCGAA AD D C UU A 

753 ADUOACC CDGADGAGGCCGAAAGGCCGAA AADDCDU 
757 ACOAADa CDGADGAGGCCGAAAGGCCGAA ACCAAAD 

761 AAADACU CDGADGAGGCCGAAAGGCCGAA ADUDACC 

762 UAAAUAC CDGADSAGGCCGAAAGGCCGAA AADDOAC 
765 AAADAAA CDGADGAGGCCGAAAGGCCGAA ACOAADD 
767 DUAAADA CDGADGAGGCCGAAAGGCCGAA ADACUAA 

763 ADDAAAD CDGADGAGGCCGAAAGGCCGAA AADACDA 
769 CADOAAA CDGADGAGGCCGAAAGGCCGAA AAADACD 

771 AACADUA CDGADGAGGCCGAAAGGCCGAA ADAAADA 

772 DAACADU CDGADGAGGCCGAAAGGCCGAA AADAAAD 

773 AOAACAD CDGADGAGGCCGAAAGGCCGAA AAADAAA 

778 ACAACAD CDGADGAGGCCGAAAGGCCGAA ACADUAA 

779 CACAACA CDGADGAGGCCGAAAGGCCGAA AACADUA 
783 AGAACAC CDGADGAGGCCGAAAGGCCGAA ACADAAC 

788 DUADDAG CDGADGAGGCCGAAAGGCCGAA ACACAAC 

789 UDDADDA CDGADGAGGCCGAAAGGCCGAA AACACAA 
791 OJUUUAD CDGADGAGGCCGAAAGGCCGAA AGAACAC 
794 DDOGDDU CDGADGAGGCCGAAAGGCCGAA ADDAGAA 
805 AGDDGOC CDGADGAGGCCGAAAGGCCGAA ADDDDDG 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



220 



PCT/EB95/00156 



Table 13: Mouse IL-5 HH Ribozyme Target Sequence 



nt • 


HH Target Sequence 




C \J O *L \b±SJU 




Position 


8 


cGCuCUU c CUUUGCu 


pes 


11 


uCUUcCU U UGCugAA 




12 


CUUcCUU tJ GCuaAAfi 




36 




ICQ 


36 






37 




*o 1 




ucdudbU C ItlMaAgaA 


J 01 


58 


ill TT^if^T T TT w" 1 *'*^ « »rr 
«oAUV3<*u U LUowiCU 


301 


CO 


VartlAaCUU W UvSCACUU 


303 


. jj 


yAUbCUU C UGCACUU 


303 




CUGCAcU U GAGDgUu 


304 




UgAcucU c aGcUGUG 


315 


01 


GcUgUGU c uggGCCA . 


318 


11/ 


ugGAgAu u CCCAugA 


319 


in 


gGAgAUU C CCAugAG 


322 


1 /IT 

x4i 


GAGACCU U GaCACaG 


330 




GAgACcU U GaCAcAg 


334 


1 CO 


gUCcgCU C AcCGAgC 


334 




cCGAgCU C CGutJGAc 


384 


1 Q£ 


UGAGGcU TJ uulkjUcC 


385 


1 0*7 


GAGGcUU C CUGUcCC 


393 


1 Q*7 


gAGGCuU c CDGuCcC 


405 


ono 


UUCCiAiu c CCDacuC 


406 


«u.i 


UUCCCGU c CcUAcuc 


409 


206 


UGUCccU a cuCaUAA 


481 


212 


UACUCAD a aAAaUCa 


482 


212 


UacuCAU A AAAAUCA 


483 


218 


UaaAaaU c aCcAGCU 


483 


218 


UAAAAAU C ACCAgCU 


495 


218 


uAAAAAU c acCAgCU 


553 


232 


uaUGCAU U GGaGAAA 


557 


241 


gAGAAAU C UUUCAGG 


564 


241 


gAgAaAU c UUucAGG 


564 


241 


gagAAAU c UUUCAGG 


565 


241 


gAgAaAU c UUUCAGg 


565 


243 


gaAAucU U UCAGgGg 


S69 


243 


GAAAUCU U UCAGGGg 


569 


244 


AAAUCUU U CAGGGgc 


613 


245 


AAUCUUU C AGGGgcU 


614 



HH Target Sequence 

AGGGgcU A GaCAuAC 
uagACAU a CUGaAgA 
GaAGAaU C AAACUGU 
GaAGAaU c AAaCugU 
GAAgaAU c aAAcUgU 
UGGGGGU A CCGUGGA 
AAAugCU A UUCcAAA 
a 
u 
U 
C 
C 
U 
A 
A 
A 
U 
u 



AAAugCU 
AUGCuAU 
AugCUAU 
ugCUAUU 
AACcUGU 
cCGUCaU 
CGUCaUU 
CaUUAAU 
AAGAAAU 
AAUACAU 
AAUaCaU 
AggCAgU U 

ggCAguu c 

CUgGAuU A 
CAAGAGU U 
AAGAGUU c 
AGUUcCU U GGUGUgA 
UcaCAAU u UAAgUUA 
cAcAAUU U AAgUUaA 
AcAAUUU A AgUUaAa 
AcAAUuU a aGUUAAa 
AAAUUgU c AAcAgAU 
GCUGuuU c CaUuUAU 
UuUcCAU U UauaUUU 
UUauAuU u aUgUCCU 
UUAuaUU u AugUcCU 
uaUAUUU a ugUCCuG 
UAUAuUU a UgUCcUg 
UUuAUGU c cUGUaGU 
uUUAUGU c cUGUagU 
AAAGuGU u uaaCCUU 
AAgUGuU u aACcUUU 



uUCCaaA 
CCaAaAc 
CcAAAAC 
cAAAACc 
aUUAADA 
AAUAAAG 
AUAAAGA 
AAGAAAU 
CAUUGAC 
GACcGCC 
GACcgCC 
CCUgGAu 
CUgGAuU 
CCUGCAA 
cCUUGGU 
CUUGGUG 
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620 


UUAACcU u uUuGUAU 


1407 


793 


caAGgCU u UGuGcAU 


1407 


816 


CUGagUU a UACDCcc 


1410 


818 


GAguUAU a cUCCcuC 


1434 


825 


ACUcCcU c CccCDCA 


1434 


825 


aCUccCU c CcCcUCa 


1434 


839 


AuCcucD D cGUUGCA 


1435 


840 


uCcucUU c GUUGCAu 


1435 


863 


cAAgUAU U cCAGGCu 


1438 


OCA 

864 


AAgUADU c CAGGCug 


1438 


Of J 


AAGUADU c caggCug 


1439 


913 


gAaCUCU D GGucCaG 


1443 


91/ 


UcUuggU c CAGAuGG 


1447 


OCT 


UUagcAU c CuuucUc 


1458 


you 


GCAuccU u UcUcCuA 


1458 


.960 


GcaUcCU u uCUCcUa 


1460 




ADcCuuU c DCcDaGC 


1461 




gcccCDU u AgAUAgA 


1463 




aGaOGAU A cuuAADG 


1475 


QQA 


OGAuACU u AAugacU 


1479 


1UUU 


DGACuCU c UugCuGA 


1483 




CgggGCU U cCQgCUC 


1483 


1UJ4 


UCCOGcU C CUaUcuA 


1484 


XUo / 


UgcUCcU A DcUAACU * 


1487 


1039 


cUccuAD c UAACUUC 


1487 


1039 


cDCcUAD c UAACOUc 


1489 


1041 


CcUAUcU A ACDUcAa 


.1489 


1051 


UUcAAua U AAuAccC 


1489 


1148 


uGAcDUU u cUuaUGU 


1490 


1213 


GCUgGaU u UDGGAaa 


1490 


1213 


gcDGGAU u uUgGAAA 


1490 


1214 


cugGAUU U UGGAaaA 


1491 


1215 


ugGADUU U GGAaaAG 


1491 


1234 


gGGACAU c UccuDGC 


1491 


1236 


GACAUcD c cuUGCAG 


1491 


1275 


ugGGCCU U AcUUfcUC 


1494 


1276 


gGGCCUU A cUOcUCc 


1502 


12oU 


CUUAcUU c UCcgUgU 


1502 




UgAACUU a AGAaGcA 


1507 


JJ1U 


gcAAAGU a aAuACcA 


1509 


U1U 


GCAAAgU a aAUAcca 


1509 


1310 


GcaAAgU a AAUAccA 


1510 


1350 


AAAGCAD A AAAUggU 


1510 


1358 


AAADGGU U ggGAugU 


1510 


1370 


UgUuaUU C AGgUADC 


1510 


1375 


UOCAGgU A UCAGggU 


1512 


1377 


CAGgUAD C AGggUCA 


1515 


1383 


UCAGggU C AcDGgAG 




1405 


cccCAgU U UACUcCA 





cCAgUUU A CUcCAGg 
ccAgOUD a CUCCAGG 
gUUUaCU C CAGGaAA 
AUgCUUU U aUUUaAU 
aUgcUuU U AUUUAAu 
aUgcuUU u AuUUAAU 
UgCDUUU a UuUaAUU 
ugcOUUU a uUUAaUU 
UuUUAUU U AAuUcug 
uUUUAUU U AAUucUg 
UUUADUU A AUucUgU 
UUUaAuU c UGuaAGa 
ADUCDGU A AgADGUu 
ugUUcaU a UUADUUA 
ugUUcAU A uUAUUUA 
UucAUAU u ADUUAug 
UcAUAnU A UUUAUGA 
AUAuUAU U UADGAug 
AuGgAUU c aGUAAgU 
AUUcaGU A AgUUAaU 
aGuAAGU u AAUAUUU 
aGUAAgU U AaUADUU 
GUAAgUU A aUADUUA 
agUUAAU a UUuAnUA 
AgUOAaU A UUUADUa 
UUAAUaU U uAuUAcA 
UUAAuAD u UAUUaCA 
UUAaUAU U UAUUacA 
UAAUaUU u AuUAcAc 
UAaUAUU U AUuAcAc 
UAaUAUU U AUUacAc 
AAUAUUU a uuaCAcg 
AAUAUdU a UuAcAcg 
AaUADUU A UuAcAcG 
AaUAUUU A UUacAcG 
AUuDAUU a CAcgUAU 
cACGUaU A UaauAUu 
CAcgUAU a UAAUaUU 
AUAUAaU a UUcUaaU 
AUAAuAU U CUaAuAA 
aUaaUaU U CUAAUAA 
UAAnADU C UaAuAAa 
UAAuAUU C UaauAAA 
UAAuAnU c UaaUAAA 
UaaUaUU C UAAUAAA 
aUaUUCU A AUAAAgC 
UUCUAAU A AAgCAgA 
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Table 17 

Mouse relA HH Target sequence 

nt. Position HH Target Sequence nt Position HH Target Sequence 





AAUGGCU a caCaGgA 


467 


77 


avjv-uucu a cGUgGUG 


469 


Of, 


CcOCcaU u GcGgACa 


473 


93 




481 




^ i *^^m^*r^rr « • ^^^^^^^^^^^^^ 


501 


i no 


UUCuCCU C AUCUUuC 


502 




U.\,UU1U c uuucccu. 


508 


105 


LUUtUUJ U UCCCUCA 


509 


*• 06 


T V'iT L^T TT I *« ^^rmm »/"*^ ^ 

UL-rtJLA-UU U CCCUCAG 


512 




WiijsjNjUU C UGGgCCU 


514 


138 


wgtjcuu A UGUGGAG 


534 


148 


VVjr^afttaAU C AUCGAaC 


556 


151 


iff iTU^ ATT" f^^\ 


561 


180 


*wvj*A*aU U lAAaCUAU 


562 


181 


Uvjr^A>aUU c CGCuAiiA 


585 




uulxjjCu a UAAaUGC 


598 


204 


Vj^jO^JoUU u aGCGvjvj^. 


613 


XX / 


vjCAGUAU u CCuGGCG 


616 


239 


W-rtCAGAU A CCACCAA 


617 


262 


uuauwvu c aagatjca 


620 


268 


UUAAGAU C AAIjGGCU 


623 


276 


AAUGGCu A CACAGGA 


628 


301 


uuuGaAU C UCCCUGG 


630 


303 


LAjaAUCu c CCUGGUC 


631 


31 0 


CCCOGGU C ACCAAGG 


638 




GGcCCCtJ C CDCcuga 


661 


39£ 


uCCaCCU C ACCGGCC 


667 


335 


CCGGCCU C AuCCaCA 


687 




AuGAaCTJ U GUgGGgA 


700 


357 


AGaUcafJ c GaAcAGc 


715 


375 


GADGGCU a COAXJGAG 


717 


376 


/vUvjouCU C UCCGgaG 


718 


378 


GGCUaCU A DGAGGCU 


721 


391 


CUGAcCTJ C UGCCCaG 


751 


409 


GCaGuACJ C CAuAGcU 


759 


416 


CCgCAGU a UCCAuAg 


761 


417 


CAuAGcU U CCAGAAC 


762 


418 


AuAGcUU C CAGAACC 


763 


433 


CGGGgAU C CAGUGUG 


792 


795 


GGCUCCU TJ XJDCuCAA 


1167 


796 


GCUCCUU U UCuCAAG 


1168 


797 


CUCCOUU U CuCAAGC 


1169 


798 


UCCUUUU C uCAAGCa 


1182 


829 


UGGCCAU U GUGUUCC 


1183 



cCAGGCU c 
AaGCcAU u 
TJuOgAOT C 
AGCGaAU C 
AACCCCU U 
ACCCCUU u 
UuCAcOT U 
uCAcGUTj C 
cGDCCCa A 
UUCCUAD A 
GGGGACa A 
TCCGcCU C 

cucuGca u 
ucrjGOJU c 

aAgCCATJ u 
GGCCCCU C 
CcCCUGU C 
CUGUCCU c 

gucccurj c 
ccuuccrj c 

OCCQgcU u 
AUCCgAU u 
CCgAUua U 
CgADuGU U 
UGgCcAU u 
CCGAGCD C 
UCAAGAtJ C 
CGgAAOJ C 
GCCGCCD C 
AUGAGAU C 
GAGADOX U 
AGADCUU C 
XJucUCCU c 
AaGACAU U 
GAGGOGtJ A 
GGUG0AD U 
GOGOADa V 
UGTJADTJ0 C 
CGAGGOJ C 
GADGAGU U 
AUGAGUU U 
UGAGOUU u 
AUGcUGU U 
OGcDGUTJ a 



cuguUCg 
AGcCAGC 
AGauCAg 
CAGACCA 
uCAcGOtJ 
CAcGOOC 
CCUADAG 
CDADAGA 
UAGAgGA 
GAgGAGC 
uGACuUG 
CGCOUCC 
CCAGGDG 
CAGGUGA 
AGcCAGc 
CuCCDGa 
CUcuCaC 
uCaCADC 
CUCAgCC 
AgCCaug 
CCATJCUc 
UTJTJGAuA 
CGAuAAc 
GAuAAcC 
GDGuuCC 
AAGATCU 
TCCCGAG 
UGGgAGC 
GGDGGGG 
UUCuUgC 
OiXJgCOG 
utJgCUGU 
CauTJGcG 
GAGGDGU 
UUUCACG 
XJCACGGG 
CACGGGA 
ACGGGAC 
CUUUUCu 
UuCCcCC 
uCCcCCA 
CCcCCAU 
aCCaUCa 
CCaDCaG 
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834 
835 
845 
849 
872 
883 
885 
905 
906 
919 
936 
937 
942 
953 
962 
965 
973 
986 
996 
1005 
1006 
1015 
1028 
1031 
1032 
1033 
1058 
1064 
1072 
1082 
1083 
1092 
1097 
1098 
1102 
1125 
1127 
1131 
1132 
1133 
1137 
1140 
1153 
1158 
1680 
1681 
1683 
1686 
1690 



AUUGUGU 
UUGUGUU 
GACuCCU 
CCUCCgU 
cCAGGCU 
UuCGaGU 
CGaGUCU 
GCGGCCU 
CGGCCUD 
GcGAGCU 
AUGGAgU 
CGGAgUU 
UUCCAGU 
GCCucAU 
AGAaGAD 
CagUacU 
ACCGGAU 
GAgACcU 
AGGACcU 
GAGACCU 
AGACCDU 
AGAGuAU 
GAAGAGU 
GAGUCCU 
A GUCCUU 
GUCCDDU 
CCGGCCU 
UaCACCU 
GgCGuAtJ 
UGDGCCO 
aaGCCDU 
CGaAaCU 
CUCAaCU 
UCAaCUU 
CUUCUGU 
CAGCCCU 
GCCaUAU 
cAUCCCU 
AcaCCUU 
UCCaUcU 
UUUACuU 
cCagCAU 
GCACCAD 
ADCAACU 
GAAGACU 
AAGACUU 
GACUUCU 
UUCUCCU 
CCUCCAU 



U CCGGACu 
C CGGACuC 
C CgUACGC 
A CGCcGAC 
C CUGOuCG 
C UCCADGC 
C CADGCAG 
U CuGAuCG 
C uGAuCGc 
C AGUGAGC 
U CCAGOAC 
C CAGUACu 
A CuDGCCA 
C CAcAuGA 
C GcCACCG 
U gCCaGAc 
U GAaGAGA 
u cAAGagu 
A CGAGACC 
U CAAGAGu 
AAGAGuA 
ADGAAGA 
CDOUCAa 
UCAauGG 
CAauGGA 
AauGGAC 
CAaCcCG 
GAucCAa 
GCUGUGC 
CCCGaAa 
CCGaAGu 
AaCUUCU 
C0GOCCC 
U GUCOC C 
CCCAAGC 
caCCDUc 
gCcDUAC 
agCacCA 
cCagCAU 
CagCuUC 
u AgCgCgc 
C CCacAGC 
C AACUuUG 
U UGADGAG 

u coccoce 

C DCCUCCA 
C CUCCADU 
C CADDGCG 
U GCGGACA 



C 
C 
C 

u 
u 

C 
C 
u 

u 

a 
C 

c 
u 
c 

C 
A 
a 
c 
c 
c 



1184 

1187 

1188 

1198 

1209 

1215 

1229 

1237 

1250 

1268 

1279 

1281 

1286 

1309 

1315 

1318 

1331 

1334 

1389 

1413 

1414 

1437 

1441 

1467 

1468 

1482 

1486 

1494 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 



GGccccU 
GUccCuU 
UUaCCaU 
GGgAGuU 
CAGcCCU 
cuGGCCU 
GGuCCCU 
CCCAgcU 
CCAGcCU C 
CCCaGCU C 
CCADGGU 
gOGGgcU 
AUgAGuU 
CuCCUGU 
cCCCAGU 



CUcCUGa 

CUcaGCc 

aGGGCAG 

AGuCuGa 

caCCDUc 

aGCaCCG 

CCucAGc 

CUGCCCC 

CAGgCuC 

CuGCCcc 

cCuuCcu 

AGCUgcG 

UccCCCA 

CgAGDCu 

CUAaCCC 



CAGUuCU A aCCCCgG 
gGGuCCU C CcCAGuC 
CuuUtiCU C AaGCDGa 
ACGCUGU C gGAaGCC 
CUGCAGU U UGADGcU 
UGCAGUU U GAUGcUG 
GGGGCCU U GCUDGGC 
CCUUGCU U GGCAACA 
GgaGUGU U CACAGAC 
gaGDGDU C ACAGACC 
CUGGCAU C uGUgGAC 
CuDCgGU a GggAACU 
GACAACU C aGAGOUU 
UCaGAGU U UCAGCAG 
CaGAGUU U CAGCAGC 
aGAGUUU C AGCAGCQ 
QGuGCAU c CCUGUGu 
AUGGAGU A CCCOGAa 
UGAaGCU A UAACUCG 
AaGCOAU A ACUCGCC 
UAUAACU C GCCUgGU 
CUCuCCU A GaGAggG 
CCCAGCU C CUGCcCC 
UCCUGCU u CggUaGG 
CGGGGCU u CCCAADG 
cUGaCCU C ugccCAG 
cuCUgCU U cCAGGuG 
uCUgCUU c CAGGuGA 
CUCgcUU u cGGAGgU 
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1704 


AUGGACU U COCuGCu 


1705 


OGGACOU C DCuGCuC 


1707 


GACUOOJ C uGCuCUu 


1721 


uuOGAGU C AGADCAG 


1726 


GUCAGAU C AGOJCCU 


1731 


AUCAGCU C COAAGGu 


1734 


AGOJCCU A AGGuGcU 


1754 


CaGugCU C CCaAGAG 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



PC77EB95/00156 



228 



Table 18 

Human relA HH Target Sequences 
nt. Position HH Target Sequence 



IS 


AAUGGCU C GPC0GQA 


22 


GGCOCGfJ C UGUAGUG 


26 


CGUCDGU A GOGCACG 


93 


GAACUGU U CCCCCOC 


94 


AACUGUU C CCCCUCA 


100 


UCCCCCU C AUCUUCC 


103 


cccocau C UUCCCGG 


105 


CUCADCU U CCCGGCA 


106 


UCADCUU C CCGGCAG 


123 


CAGGCCu C UGGCCCC 




GGCvjCCU A UGUGGAG 


1 AO. 


UGGAGAU C AuDGAGC 




AGAUCAU U GAGCAGC 


1 nn 

JLOU 


AUGoGCU U CVUCUAC 


lol 


UGUiUJU C CGCTJACA 


loo 


Ulkjuuuu A CAAGOGC 


204 


GGGCGCU C CGOGGGC 


217 


GCAGCAU C CCAGGCG 


239 


CACAGAD A CCACCAA 


262 


CCACCAD C AAGADCA 


268 


OCAAGAD C AADGGCU 


276 


AAUGGCTJ A CACAGGA 


301 


CGCGCAU C TJCCCOGG 


303 


CGCADCD C CCUGGUC 


310 


CCCDGGO C ACCAAGG 


323 


GGACCCU C CUCACCG 


326 


CCCDCOJ C ACCGGCC 


335 


CCGGCCU C ACCCCCA 


349 


ACGAGCD U GtJAGGAA 


352 


AGCOUGU A GGAAAGG 


375 


GAUGGCU U CUADGAG 


376 


AUGGCUU C UADGAGG 


378 


GGCUUCU A UGAGGCU 


391 


CUGAGCTJ C DGOCOGG 


409 


GCUGCAU C CACAGOU 


416 


CCACAGU U OCCAGAA 


417 


CACAGUU U CCAGAAC 


418 


ACAGUUTJ C CAGAACC 


433 


UGGGAAU C CAGUGUG 


795 


GGC0CO7 U UUCGCAA 


796 


GCUCCUU U UCGCAAG 


797 


CUCCUUU U CGCAAGC 


798 


UCCUUUU C GCAAGCU 


829 


UGGCCAU U GTJGUUCC 


834 


ADUGOGU U CCGGACC 



nt. Position HH Target Sequence 



467 


GCAGGCU A DCAGUCA 


469 


AGGCDATJ C AGUCAGC 


473 


CAUCAGU C AGCGCAU 


481 


AGCGCATJ C CAGACCA 


501 


aaccccu a ccaagud 


502 


ACCOCUU. C CAAGUCC 


rnn 

508 


UCCAAGU U CCUAUAG 


509 


CCAAGCU C CaAUAGA 


c^ 


AGuUCCU A UAGAAGA 


CI A 
314 


UUCQTATJ A GAAGAGC 




GGGGACU A CGACCUG 


330 


TOCGGCU C UGCUUCC 


3 OX 


CTCTOOJ U CCAGGCG 


CO 
302 


DCUGCUU C CAGGOGA 


Cor 

585 


GACCCAU C AGGCAGG 


598 


GGCCCCU C CGCCUGC 


613 


CGCCCGO- C CDUCCDC 


616 


CUGTJCCU U CCUCAUC 


617 


UGCCCUU C CUCAUCC 


* 620 


ccoacca C ATJCCCAU 


623 


CCCUCAU C CCADCDU 


628 


AUCCCAU C U0TJGACA 


630 


CCCADCU U OGACAATJ 


631 


CCAUCUU U GACAAUC 


638 


UGACAAU C GUGCCCC 


661 


CCGAGCU C AAGADCU 


667 


UCAAGAU C CGCCGAG 


687 


CGAAACU C CGGCAGC 


700 


GCOGCCU C GGCGGGG 


715 


AUGAGAU C UUCCUAC 


717 


GAGAUCU U CCQACUG 


718 


AGADCDTJ C CtTACUGU 


721 


UCUUCCU A CCGOGCG 


751 


AGGACAU a GAGGDGU 


759 


GAGGUGTJ A UUUCACG 


761 


GGUGUAU U UCACGGG 


762 


GDGUAUU U CAOGGGA 


763 


CGOADUrj C ACGGGAC 


792 


CGAGGCU C CUDUUCG 


1167 


' GADGAGU U UCCCACC 


1168 


AUGAGOU U CCCACCA 


1169 


CGAGUTO C CCACCAU 


1182 


auggogu u uccuuca 


1183 


CGGTJGOU U CCOUCOG 


1184 


GGUGUUU C CUUCUGG 
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QIC 


UUOUvjUU c cggacuu 


1187 


QAC. 


un^«-tLU C CCUAOjC 


1188 






1198 


O i£ 




1209 


OOJ 


UGCGOGU C UCCADGC 


1215 


OQC 
OOJ 


CGUGuCU C CAUGCAG 


1229 


o ac 
900 


GCGGCCu U CCGACCG 


1237 


one 


UabU-UU C CGACCGG 


1250 


919 


GGGAGCu C AGuGAGC 


1268 


QIC 

936 


AUGGAAU U CCAGUAC 


1279 


9.3 / 


UGGAAUU C CAGQACC 


1281 






1286 


2 3 J 


crr^f &n & /"*tv ^*ts /"y*^ 
OCV-AioAU A CAQsACasA 


1309 




xiunCuAU V- l?UV_AL.\JV? 


1315 




UIxAUUjU L. AuUkassAU 


1318 


7 / J 


AUtGvoAU U (sATOAGA 


1331 


JOO 


f*TV TV TV/ V»T 1 TV TV TV TV TV ^ 

uAAAVJoU A AAAGGAC 


1334 


990 


AGGAGAu a UGAGACC 


1389 


1005 


GAGACCU u CAAGAGC 


1413 


4 Art/" 

1006 


AGACCUU C AAGAGCA 


1414 


1015 


AGAGCAU C AUGAAGA 


1437 


1028 


GAAGAGU C CUUUCAG 


1441 


1031 


GAGOCCU U UCAGCGG 


1467 


1032 


AGUCCUU U CAGCGGA 


1468 


1033 


GUCCUUU C AGCGGAC 


1482 


1058 


CCGGCCU C CACCDCG 


1486 


1064 


UCCACCU C GACGCAU 


1494 


1072 


GACGGAU U GCDGUGC 


1500 


10B2 


UGUGCCU U CCCGCAG 


1501 


1083 


GUucuuu C CCGCAGC 


1502 


1 AGO 


CGCAGCU C AGCUUCU 


1525 




CDCAGCU U CUGUULXJ 


1566 




ll/lt Jt+m+^kl Wl 1 **% I 1 - - J i mm mm mm m 

UCAGCUu C UGDCCCC 


1577 


1 1 AO 
11U^ 


CuUCuGU C CCCAAGC 


1579 




CAGCCCU A UCCCUUU 


1583 


Hz / 


tftA3JUAU C iXuOuaC 


1588 


1U1 


uAUCCCU 0 UACGUCA 


1622 


1X32 


AOCCCUU U ACGUCAU 


1628 


1133 


UuXuuu A CGUCADC 


1648 


1137 


UUuaCGU c adcccug 


1660 


1 1 A A 

1140 


ACGDCAU C CCUGAGC 


1663 


Ho3 


GCACCAU C AACQaDG 


1664 


1158 


ADCAACa A UGADGAG 


1665 


1680 


GAAGACU U CDCCDCC 




1681 


AAGACUU C UCCOCCA 




1683 


GACOUCU C CUCCAUU 




1686 


UDCUCCU C CADUGCG 




1690 


CCUCCAU U GCGGACA 




1704 


ADGGACU U CUCAGCC 





GUUUCCU U CUGGGCA 
UUUCCUU C UGGGCAG 
GGCAGAD C AGCCAGG 
CAGGCCU C GGCCUDG 
OCGGCCU U GGCCCCG 
GGCCCCU C CCCAAGU 
CCCAAGD C CDGCCCC 
CCAGGCU C CAGCCCC 
CCCDGOJ C CAGCCAU 
CCADGGU A UCAGCUC 
ADGGUAD C AGCDCCG 
AOCAGCU C DGGCCCA 
CCCOTOT C CCAGOCC 
UCCCAGU C COAGCCC 
CAGDCCa A GCCCCAG 
AGGCCCU C CTCAGGC 
CCCOCCU C AGGCUGU 
ACGCOOT C AGAGGCC 
CDGCAOJ U DGADGAU 
UGCAGDU U GAUGAUG 
GGGGCCD XJ GCUOGGC 
CCUDGCU U GGCAACA 
GCOGDGU U CACAGAC 
COGUGUU C ACAGACC 
CUGGCAD C CGUCGAC 
CAUCCGU C GACAAOJ 
GACAACa C CGAGOUU 
UCCGAGtT U UCAGCAG 
CCGAGUU U CAGCAGC 
CGAGUtKJ C AGCAGCU 
AGGGCAU A CC0G0GG 
ADGGAGU A CCCDGAG 
UGAGGOJ A UAAOJCG 
AGGCUA0 A AC0CGCC 
UAUAACU C GCCUAGU 
CDCGCCD A GOGACAG 
CCCAGCU C OTGCUCC 
UCC0GOT C CAC0GGG 
CGGGGCU C CCCAADG 
ADGGCCU C CDUUCAG 
GCCTCCU U OCAGGAG 
CCOCCUU U CAGGAGA 

cuccuua c aggagau 



SUBSTTrUTE SHEET (RULE 26) 



WO 95/23225 



PCT/IB95/00156 



230 



1705 


CGGACUU C UCAGCCC 


1707 


GACUUCU C AGOCCDG 


1721 


GCUGAG0 C AGADCAG 


1726 


GUCAGAU C AGCUCCD 


1731 


AUCAGCU C COAAGGG 


1734 


AGCUCCU A AGGGGGU 


1754 


CUGCCCD C CCCAGAG 
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Table 19 . 

Mouse rel A HH .Ribozyme Sequences 

nt HH Ribozyme Sequence 
Sequence 

19 OCCOGOG CUGADGAGGCCGAAAGGCCGAA AGCCADU 

22 CACCACG CUGADGAGGCCGAAAGGCCGAA AGGAGCU 

26 DGUCCGC CUGADGAGGCCGAAAGGCCGAA ADGGAGG 

93 GAGGGGA CUGADGAGGCCGAAAGGCCGAA ACAGADC 

94 UGAGGGG CUGADGAGGCCGAAAGGCCGAA AACAGAU 
100 GAAAGAU CUGADGAGGCCGAAAGGCCGAA AGGGGAA 
103 AGGGAAA CDGADGAGGCCGAAAGGCCGAA AOGAGGG 

105 DGAGGGA CDGADGAGGCCGAAAGGCCGAA AGADGAG 

106 CDGAGGG COGADGAGGCCGAAAGGCCGAA AAGADGA 
129 AGGCCCA COGADGAGGCCGAAAGGCCGAA AAGCCDG 
138 CDCCACA CDGADGAGGCCGAAAGGCCGAA AAGGCCC 
148 GOOCGAO CDGADGAGGCCGAAAGGCCGAA ADCDCCA 
151 GCDGODC CDGADGAGGCCGAAAGGCCGAA ADGADCU 

180 ADAGCGG CDGADGAGGCCGAAAGGCCGAA ADCGCAU 

181 DADAGCG CDGADGAGGCCGAAAGGCCGAA AADCGCA 
186 GCADDDA CDGADGAGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCD CDGADGAGGCCGAAAGGCCGAA. AGCGCCC 
217 CGCCAGG COGADGAGGCCGAAAGGCCGAA ADACDGC 
239 OOGGCGG COGADGAGGCCGAAAGGCCGAA ADCOGOG 
262 UGADCUD COGADGAGGCCGAAAGGCCGAA ADGGOGG 
268 AGCCAOO COGADGAGGCCGAAAGGCCGAA AOCDUGA 
276 DCCOGOG CUGADGAGGCCGAAAGGCCGAA AGCCADU 
301 CCAGGGA COGADGAGGCCGAAAGGCCGAA ADOCGAA 
303 .GACCAGG COGADGAGGCCGAAAGGCCGAA AGADOCG 
310 CCDDGGO COGADGAGGCCGAAAGGCCGAA ACCAGGG 
323 OCAGGAG COGADGAGGCCGAAAGGCCGAA AGGGGCC 
326 GGCCGGU COGADGAGGCCGAAAGGCCGAA AGGOGGA 
335 DGOGGAO COGADGAGGCCGAAAGGCCGAA AGGCCGG 
349 DCCCCAC COGADGAGGCCGAAAGGCCGAA AGUOCAD 
352 GCDGUUC COGADGAGGCCGAAAGGCCGAA ADGADCU 

375 COCADAG CUGADGAGGCCGAAAGGCCGAA AGCCAOC 

376 CDCCGGA COGADGAGGCCGAAAGGCCGAA AGACCAD 
378 AGCCOCA CDGAOGAGGCCGAAAGGCCGAA AGDAGCC 
391 COGGGCA COGADGAGGCCGAAAGGCCGAA AGGDCAG 
409 AGCDADG CDGADGAGGCCGAAAGGCCGAA ADACDGC 

416 CDADGGA COGADGAGGCCGAAAGGCCGAA ACDGCGG 

417 GDOCOGG CUGADGAGGCCGAAAGGCCGAA AGCDADG 

418 GGOOCOG CDGADGAGGCCGAAAGGCCGAA AAGCUAO 
433 CACACOG COGADGAGGCCGAAAGGCCGAA AOCCCCA 
467 CGAACAG COGADGAGGCCGAAAGGCCGAA AGCCOGG 
469 GCUGGCU COGADGAGGCCGAAAGGCCGAA AUGGCOO 
473 COGADCD COGADGAGGCCGAAAGGCCGAA ACDCAAA 
481 DGGDCDG CDGAOGAGGCCGAAAGGCCGAA ADOCGCO 
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501 AACGDGA CDGAUGAGGCCGAAAGGCCGAA AGGGGUU 

502 GAACGDG CDGADGAGGCCGAAAGGCCGAA AAGGGGU 

508 COADAGG CDGAUGAGGCCGAAAGGCCGAA ACGDGAA 

509 DCDADAG CDGADGAGGCCGAAAGGCCGAA AACGDGA 
512 DCCDCDA CDGADGAGGCCGAAAGGCCGAA AGGAACG 
514 GCUCCUC CDGADGAGGCCGAAAGGCCGAA ADAGGAA 
534 CAAGDCA CDGADGAGGCCGAAAGGCCGAA AGDCCCC 
556 GGAAGCA CDGADGAGGCCGAAAGGCCGAA AGGCGCA 

561 CACCDGG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

562 DCACCDG CDGADGAGGCCGAAAGGCCGAA AAGCAGA 
585 GCOGGCD CDGADGAGGCCGAAAGGCCGAA AUGGCUU 
598 DCAGGAG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
613 GDGAGAG CDGADGAGGCCGAAAGGCCGAA ACAGGGG 

616 GADGDGA CDGADGAGGCCGAAAGGCCGAA AGGACAG 

617 GGCOGAG CDGADGAGGCCGAAAGGCCGAA AAGGGAC. 
620 CADGGCD CDGADGAGGCCGAAAGGCCGAA AGGAAGG 
623 GAGADGG CDGADGAGGCCGAAAGGCCGAA AGCAGGA 
628 UADCAAA CDGADGAGGCCGAAAGGCCGAA ADCGGAD 

630 GDDADCA CDGADGAGGCCGAAAGGCCGAA AAADCGG 

631 GGDDADC CDGADGAGGCCGAAAGGCCGAA AAAADCG 
638 GGAACAC CDGADGAGGCCGAAAGGCCGAA ADGGCCA 
661 AGADCOU CDGADGAGGCCGAAAGGCCGAA AGCDCGG 
667 COCGGCA CDGADGAGGCCGAAAGGCCGAA ADCDDGA 
687 GCOCCCA CDGADGAGGCCGAAAGGCCGAA AGDDCCG 
700 CCCCACC CDGADGAGGCCGAAAGGCCGAA AGGCAGC 
715 GCAAGAA CDGADGAGGCCGAAAGGCCGAA ADCDCAD 

717 CAGCAAG CDGADGAGGCCGAAAGGCCGAA AGADCDC 

7 18 ACAGCAA CDGADGAGGCCGAAAGGCCGAA AAGADCU 
721 CGCAADG CDGADGAGGCCGAAAGGCCGAA AGGAGAA 
751 ACACCDC CDGADGAGGCCGAAAGGCCGAA ADGDCDD 
759 CGOGAAA CDGADGAGGCCGAAAGGCCGAA ACACCUC 

761 CCCGDGA CDGADGAGGCCGAAAGGCCGAA AUACACC 

762 DCCCGDG CDGADGAGGCCGAAAGGCCGAA AAUACAC 

763 GUCCCGU CDGADGAGGCCGAAAGGCCGAA AAAUACA 
792 AGAAAAG CDGADGAGGCCGAAAGGCCGAA AGCCDCG 

795 DDGAGAA CDGADGAGGCCGAAAGGCCGAA AGGAGCC 

796 C DUGAG A CDGADGAGGCCGAAAGGCCGAA AAGGAGC 

797 GCDDGAG CDGADGAGGCCGAAAGGCCGAA AAAGGAG 

798 AGCUDGA CDGADGAGGCCGAAAGGCCGAA AAAAGGA 
829 GGAACAC CDGADGAGGCCGAAAGGCCGAA ADGGCCA 

834 AGOCCGG CDGADGAGGCCGAAAGGCCGAA ACACAAD 

835 GAGDCCG CDGADGAGGCCGAAAGGCCGAA AACACAA 
845 GCGOACG CDGADGAGGCCGAAAGGCCGAA AGGAGDC 
849 GDCGGCG CUGAUGAGGCCGAAAGGCCGAA ACGGAGG 
872 CGAACAG CDGADGAGGCCGAAAGGCCGAA AGCCDGG 
883 GCADGGA CDGADGAGGCCGAAAGGCCGAA ACDCGAA 
885 CDGCADG CDGADGAGGCCGAAAGGCCGAA AGACUCG 

905 CGADCAG CDGADGAGGCCGAAAGGCCGAA AGGCCGC 

906 GCGADCA CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
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GCDCACD CDGADGAGGCCGAAAGGCCGAA AGCUCGC 
GOACOGG CDGADGAGGCCGAAAGGCCGAA ACOCCAD 
AGOACOG CBGAOGAGCCCGAAAGGCCGAA AACDCCA 
UGGCAAG CDGADGAGGCCGAAAGGCCGAA ACUGGAA 
DCADGOG CDGADGAGGCCGAAAGGCCGAA ADGAGGC 
CGGDGGC CDGADGAGGCCGAAAGGCCGAA ADCADCD 
gQCDGGC CDGADGAGGCCGAAAGGCCGAA AGDACDG 
DCDCODC CDGADGAGGCCGAAAGGCCGAA ADCCGGD 
ACOCOOG CDGADGAGGCCGAAAGGCCGAA AGGDCDC 
GSOCTCA CDGADGAGGCCGAAAGGCCGAA AGGDCCD 
ACOCOOG CDGADGAGGCCGAAAGGCCGAA AGGDCDC 
DACDCOU CDGADGAGGCCGAAAGGCCGAA AAGGDCU 
UCDOCAO CDGADGAGGCCGAAAGGCCGAA ADACDCD 
ODGAAAG CDGADGAGGCCGAAAGGCCGAA ACDCDOC 
CCAOOGA CDGADGAGGCCGAAAGGCCGAA AGGACDC 
DCCADDG CDGADGAGGCCGAAAGGCCGAA AAGGACO 
GOCCADD CDGADGAGGCCGAAAGGCCGAA AAAGGAC 
CGGGDDG CDGADGAGGCCGAAAGGCCGAA AGGCCGG 
OOGGAOC CDGADGAGGCCGAAAGGCCGAA AGGOGOA 
GCACAGC CDGADGAGGCCGAAAGGCCGAA ADACGCC 
OUDCGGG CIKSADGAGGCCGAAAGGCCGAA AGGCACA 
ACDDCGG CDGADGAGGCCGAAAGGCCGAA AAGGCDD 
AGAAGOa CDGADGAGGCXX3VAAGGCCGAA AGDDDCG 
GSGACAG CDGADGAGGCCGAAAGGCCGAA AGDDGAG 
GGGGACA CDGADGAGGCCGAAAGGCCGAA AAGDDGA 
GCDOGGG OJGADGAGGCCGAAAGGCCGAA ACAGAAG 
GAAGGDG CDGADGAGGCCGAAAGGCCGAA AGGGCDG 
GOAAGGC CDGADGAGGCCGAAAGGCCGAA ADADGGC 
CGGDGCO CDGADGAGGCXEAAAGGCCGAA AGGGADG 
ADGCOGG CDGADGAGGCCGAAAGGCCGAA AAGGDGD 
GAAGCOG CDGADGAGGCCGAAAGGCCGAA AGADGGA 
GCGOGCa CDGADGAGGCCGAAAGGCCGAA AAGDAAA 
GCDGAGG CDGADGAGGCCGAAAGGCCGAA ADGCDGG 
CAAAGOU CDGADGAGGCCGAAAGGCCGAA ADGGDGC 
COCADCA CDGADGAGGCCGAAAGGCCGAA AGDDGAD 
C<~GGAA COGADGAGGCOGAAAGGCCGAA ACDCADC 
OGGGGGA COGAOGAGGCCSAAAGGCGGAA AACDCAD 
ADGGGGG CDGADGAGGCCGAAAGGCCGAA AAACOCA 
CGAOGGD CDGADGAGGCCGAAAGGCCGAA ACAGCAD 
CDGADGG CDGADGAGGCCGAAAGGCCGAA AACAGCA 
CCAGGAG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
GgCOGAG COGADCiAGGCCGAAAGGCCGAA AAGGGAC 
COGCCCD CDGADGAGGCCGAAAGGCCGAA ADGGDAA 
°CAGACU CDGADGAGGCCGAAAGGCCGAA AACUCCC 
CAftCCPG CDGADGAGGCCGAAAGGCCGAA AGGGCDG 
CGGDGCO CDGADGAGGCCGAAAGGCCGAA AGGCCAG 
GCDGAGG CDGADGAGGCCGAAAGGCCGAA AGGGACC 
GGGGCAG CDGADGAGGCCGAAAGGCCGAA AGCDGGG 
GAGCCUG CDGADGAGGCCGAAAGGCCGAA AGGCDGG 
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1268 GGGGCAG CDGADGAGGCCGAAAGGCCGAA AGCDGGG 

1279 AGGAAGG OJGADGAGGCCGAAAGGCCGAA ACCADGG 

1281 CGCAGCU CDGADGAGGCCGAAAGGCCGAA AGCCCAC 

1286 DGGGGGA CDGADGAGGCCGAAAGGCOGAA AACDCAU 

1309 AGACOCG CDGATOAGGCCGAAAGGCCGAA ACAGGAG 

1315 GGGDUAG CDGADGAGGCCGAAAGGCCGAA ACDGGGG 

1318 CCGGGGU CDGADGAGGCCGAAAGGCOGAA AGAACDG 

1331 GACDGGG CDGADGAGGCCGAAAGGCOGAA AGGACCC 

1334 UCAGCDU CDGADGAGGCCGAAAGGCOGAA AGAAAAG 

1389 GGCDDCC CDGADGAGGCCGAAAGGCOGAA ACAGCGU 
AGCADCA CDGADGAGGCCGAAAGGCCGAA ACDGCAG 

1414 CAGCADC CDGADGAGGCCGAAAGGCOGAA AACDGCA • 

1437 GCCAAGC CDGADGAGGCCGAAAGGCOGAA AGGCCCC 

1441 DGDDGCC CDGADGAGGCCGAAAGGCCGAA AGCAAGG 

1467 GDCDGDG CDGADGAGGCCGAAAGGCOGAA ACACDCC 

1468 GGDCUGU CDGADGAGGCOGAAAGGCCGAA AACACOC 
1482 GDCCACA CDGADGAGGCCGAAAGGCOGAA ADGCCAG 
1486 AGDDCCC CDGADGAGGCCGAAAGGCOGAA ACCGAAG 
1494 AAACDCD CDGADGAGGCCGAAAGGCCGAA AG DD G DC 

1500 CDGCOGA CDGADGAGGCCGAAAGGCCGAA ACDCDGA 

1501 GCDGCDG CDGADGAGGCCGAAAGGCOGAA AACOCDG 

1502 AGCDGCD CDGADGAGGCCGAAAGGCCGAA AAACDCD 
1525 ACACAGG CDGADGAGGCCGAAAGGCOGAA ADGCACC 
1566 DDCAGGG CDGADGAGGCCGAAAGGCCGAA ACUCCAD 
1577 CGAGODA CDGADGAGGCCGAAAGGCCGAA AGCDDCA 
1579 GGCGAGD CDGADGAGGCCGAAAGGCCGAA ADAGCDU 
1583 AC CAGGC CDGADGAGGCCGAAAGGCCGAA AGUDAHA 
1588 CCCDCDC CDGADGAGGCCGAAAGGCCGAA AGGAGAG 
1622 GGGGCAG CDGADGAGGCCGAAAGGCCGAA AGCDGGG 
1628 CCOACCG CDGADGAGGCCGAAAGGCCGAA AGCAGGA 
1648 CADDGGG CDGADGAGGCCGAAAGGCCGAA AGCCCCG 
1660 CDGGGCA COGADGAGGCCGAAAGGCQ3AA AGGUCAG 

1663 CACCDGG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

1664 DCACCDG COGADGAGGCOGAAAGGCOGAA AAGCAGA 

1665 ACCDCCG CDGADGAGGCCGAAAGGCCGAA AAGCGAG 

1680 GGAGGAG CDGADGAGGCCGAAAGGCCGAA AGOCDOC 

1681 DGGAGGA CDGADGAGGCCGAAAGGCCGAA AAGDCDD 
1683 AADGGAG CDGADGAGGCCGAAAGGCOGAA AGAAGDC 
1686 CGCAADG COGADGAGGCOGAAAGGCCGAA AGGAGAA 
1690 DGDCCGC CDGADGAGGCCGAAAGGCCGAA ADGGAGG 

1704 AGCAGAG CDGADGAGGCCGAAAGGCCGAA AGDCCAU 

1705 GAGCAGA CDGADGAGGOOGAAAGGCCGAA AAGDCCA 
1707 AAGAGCA CDGADGAGGCCGAAAGGCCGAA AGAAGDC 
1721 COGADCD CDGADGAGGCCGAAAGGCCGAA ACDCAAA 
1726 AGGAGCD CDGADGAGGCCGAAAGGCCGAA ADCDGAC 
1731 ACCDDAG CDGADGAGGCCGAAAGGCCGAA AGCDGAD 
1734 AGCACCD CDGADGAGGCCGAAAGGCCGAA AGGAGCD 
1754 CDCDDGG CDGADGAGGCCGAAAGGCCGAA AGCACDG 
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Table 20 

Human relA HH Ribozyme Sequences 

nt. Position HH Ribozyme Sequences 



19 OACAGAC OJGADGAGGCCGAAAGGCCGAA AGCCADO 

22 CACOACA COGADGAGGCCGAAAGGCCGAA ACGAGCC 

26 CGOGCAC COGADGAGGCCGAAAGGCCGAA ACAGACG 

93 GAGGGGG COGADGAGCOCGAAAGGCCGAA ACAGOOC 

94 OGAGGGG CDGADGAGGCCGAAAGGCCGAA AACAGDU 
100 GGAAGAD COGAOGAGGCCGAAAGGCCGAA AGGGGGA 
103 CCGGGAA COGAOGAGGCCGAAAGGCCGAA AOGAGGG 

105 OGCCGGG CUGADGAGGCXX3AAAGGCCGAA AGADGAG 

106 CDGCCGG CDGADGAGGCCGAAAGGCCGAA AAGAOGA 
129 GGGGCCA CTCADGAGGCCGAAAGGCCGAA AGGCCUG 
138 COCCACA CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
148 GCOCAAU COGADGAGGCCGAAAGGCCGAA AUCUCCA 
151 GCOGCOC CDGADGAGGCOSAAAGGCCGAA ADGAUCU 

180 GOAGCGG CDGADGAGGCCGAAAGGCCGAA AGCGCAU 

181 OGDAGCG COGADGAGGCCGAAAGGCCGAA AAGCGCA 
186 GCACUDG COGADGAGGCCGAAAGGCCGAA AGCGGAA 
2{M GCCCGCG CUGADGAGGCCGAAAGGCCGAA AGCGCCC 

°SCCTOG CDGADGAGGCCGAAAGGCCGAA AOGCOGC 
OOGGOGG CnGADGAGGCCGAAAGGCCGAA AOCDGDG 
OGADCOO COGAOGAGGCCGAAAGGCCGAA ADGGOGG 
AGCCADCT CDGADGAGGCCGAAAGGCCGAA ADCODGA 
276 OCCDGOG CDGADGAGGCCGAAAGGCCGAA AGCCADU 

301 CCAGGGA CDGADGAGGCCGAAAGGCCGAA ADGCGCA 

303 GACCAGG CDGADGAGGCCGAAAGGCCGAA AGADGCG 

310 CCDDGGD CDGADGAGGCCGAAAGGCCGAA ACCAGGG 

323 CGGDGAG CDGADGAGGCCGAAAGGCCGAA AGGGOCC 

326 GGCCGGO CDGADGAGGCCGAAAGGCCGAA AGGAGGG 

335 DGGGGGU CDGADGAGGCCGAAAGGCCGAA AGGCCGG 

OOCCOAC CDGADGAGGCCGAAAGGCCGAA AGCDCGD 
0000000 CDGADGAGGCCGAAAGGCCGAA ACAAGCD 
COCAUAG CDGADGAGGCCGAAAGGCCGAA AGCCADC 
CCTCADA CDGADGAGGCCGAAAGGCCGAA AAGCCAD 
AGCOTCA CDGADGAGGCCGAAAGGCCGAA AGAAGCC 
CCGGGCA COGAOGAGGCCGAAAGGCCGAA AGCDCAG 
AACOGOG CDGADGAGGCCGAAAGGCCGAA ADGCAGC 
° 0 °f 3 °A CDGADGAGGCCGAAAGGCCGAA ACDGDGG 
60000(3(3 000 AOGAGGCCGAAAGGCCGAA AACDGDG 
0(300000 CTGM3GAGGCCGAAAGGCCGAA AAACDGU 
CACACDG CDGADGAGGCCGAAAGGCCGAA ADDCCCA 
DGACUG A CDGADGAGGCCGAAAGGCCGAA AGCCOGC 
GCOGACU COGAK3AGGCCGAAAGSCCGAA ADAGCCU 
A 000000 COGAOGAGGCEGAAAGGCCGAA ACDGADA 
00000013 <^ 0 GAGGCCGAAAGGCCGAA AOGCGCU 
A* 0000 ^ CCCADGAGGCCGAAAGGCCGAA AGGGGDU 



204 
217 
239 
262 
268 



335 
349 
352 
375 
376 
378 
391 
409 
416 
417 
418 
433 
467 
469 
473 
481 
501 
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502 GAACDDG CTCADGAGGCCGAAAGGCCGAA AAGGGGU 

508 CDADAGG CDGADGAGGCCGAAAGGCCGAA ACOUGGA 

509 DCOADAG CDGADGAGGCCGAAAGGCCGAA AACOOGG 
512 UCUUCUA CCGADGAGGCCGAAAGGCCGAA AGGAACU 
514 GCOCODC CDGADGAGGCCGAAAGGCCGAA AUAGGAA 
534 CAGGUCG CDGADGAGGCCGAAAGGCCGAA AGDCCCC 
556 GGAAGCA CUGADGAGGCCGAAAGGCCGAA AGCCGCA 

561 CACCDGG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

562 DCACCDG CCGAUGAGGCCGAAAGGCCGAA AAGCAGA 
585 CCOGCCD CDGADGAGGCCGAAAGGCCGAA ABGGGDC 
598 GCAGGCG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
613 GAGGAAG CDGADGAGGCCGAAAGGCCGAA ACAGGCG 

616 GADGAGG CDGADGAGGCCGAAAGGCCGAA AGGACAG 

617 GGADGAG CDGADGAGGCCGAAAGGCCGAA AAGGACA 
620 ADGGGAD CDGADGAGGCCGAAAGGCCGAA AGGAAGG 
623 AAGADGG CDGADGAGGCCGAAAGGCCGAA ADGAGGA 
628 DGDCAAA CDGADGAGGCCGAAAGGCCGAA ADGGGAD 

630 ADDGOCA CDGADGAGGCCGAAAGGCCGAA AGADGGG 

631 GADDGDC CDGADGAGGCCGAAAGGCCGAA AAGADGG 
638 GGGGCAC CDGADGAGGCCGAAAGGCCGAA ADOGDCA 
661 AGADCDD CDGADGAGGCCGAAAGGCCGAA AGCDCGG 
667 CDCGGCA CDGADGAGGCCGAAAGGCCGAA ADCDDGA 
637 GCDGCCA CDGADGAGGCCGAAAGGCCGAA AGODDCG 
700 CCCCACC CDGADGAGGCCGAAAGGCCGAA AGGCAGC 
715 GDAGGAA CDGADGAGGCCGAAAGGCCGAA ADCDCAD 

717 CAGDAGG CDGADGAGGCCGAAAGGCCGAA AGADCDC 

718 ACAGDAG CDGADGAGGCCGAAAGGCCGAA AAGADCD. 
721 CACACAG CUGADGAGGCCGAAAGGCCGAA AGGAAGA 
751 ACACCDC CDGADGAGGCCGAAAGGCCGAA ADGDOCD 
759 CGDGAAA CDGADGAGGCCGAAAGGCCGAA ACACCDC 
761 CCCGDGA CDGADGAGGCCGAAAGGCCGAA ADACACC 

. 762 DCCCGDG CDGADGAGGCCGAAAGGCCGAA AADACAC 

763 GDCCCGD CDGADGAGGCCGAAAGGCCGAA AAADACA 

792 CGAAAAG CUGADGAGGCCGAAAGGCCGAA AGCCDCG 

795 DDGCGAA CDGADGAGGCCGAAAGGCCGAA AGGAGCC 

796 CDDGCGA CDGADGAGGCCGAAAGGCCGAA AAGGAGC 

797 GCDDGCG CDGADGAGGCCGAAAGGCCGAA AAAGGAG 

798 AGCDDGC CDGADGAGGCCGAAAGGCCGAA AAAAGGA 
829 GGAACAC CDGADGAGGCCGAAAGGCCGAA ADGGCCA 

834 GGDCCGG CDGADGAGGCCGAAAGGCCGAA ACACAAD 

835 GGGDCCG CDGADGAGGCCGAAAGGCCGAA AACACAA 
845 GCGDAGG CDGADGAGGCCGAAAGGCCGAA AGGGGDC 
849 GDCDGCG CDGADGAGGCCGAAAGGCCGAA AGGGAGG 
87 2 CGCACAG CDGADGAGGCCGAAAGGCCGAA AGCCDGC 
883 GCADGGA CDGADGAGGCCGAAAGGCCGAA ACACGCA 
88 S CDGCADG CDGADGAGGCCGAAAGGCCGAA AGACACG 

905 CGGDCGG CDGADGAGGCCGAAAGGCCGAA AGGCCGC 

906 CCGGDCG CDGADGAGGCCGAAAGGCCGAA AAGGCCG 



GCOCACD CDGADGAGGCCGAAAGGCCGAA AGCDCCC 
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936 GDACOGG COGADGAGGCCGAAAGGCCGAA AOOCCAD 

937 GGUACDG COGADGAGGCCGAAAGGCCGAA AAUUCCA 
942 UGGCAGG COGADGAGGCCGAAAGGCCGAA ACOGGAA 
953 OCGUCUG COGADSAGGCCGAAAGGCCGAA AUCUGGC 
962 CGGOGAC COGADGAGGCCGAAAGGCCGAA AUCGOCU 
965 AOCCGGO COGADGAGGCCGAAAGGCCGAA ACGAUCG 
973 DCOCCDC COGADGAGGCCGAAAGGCCGAA AOCCGGO 
986 GOCCOOO COGADGAGGCCGAAAGGCCGAA ACGOODC 
996 GGOCOCA COGADGAGGCCGAAAGGCCGAA ADGOCCO 

1005 GCOCOOG COGADGAGGCCGAAAGGCCGAA AGGDCDC 

1006 OGCOCOO COGADGAGGCCGAAAGGCCGAA AAGGOCU 
1015 OCOOCAD COGADGAGGCCGAAAGGCCGAA ADGCOCO 
1028 CCGAAAG COGADGAGGCCGAAAGGCCGAA ACOCOOC 

1031 CCGCOGA COGADGAGGCCGAAAGGCCGAA AGGACCC 

1032 OCCGCOG COGADGAGGCCGAAAGGCCGAA AAGGACO 

1033 GOCCGCO CTGADGAGGCCGAAAGGCCGAA AAAGGAC 
1058 CGAGGOG COGADGAGGCCGAAAGGCCGAA AGGCCGG 
1064 ADGCGOC COGADGAGGCCGAAAGGCCGAA AGGDGGA 
1072 GCACAGC COGADGAGGCCGAAAGGCCGAA ADGCGOC 

1082 COGCGGG COGADGAGGCCGAAAGGCCGAA AGGCACA 

1083 GCDGCGG COGADGAGGCCGAAAGGCCGAA AAGGCAC 
1092 AGAAGCO COGADGAGGCCGAAAGGCCGAA AGCOGCG 
1097. GGGACAG COGADGAGGCCGAAAGGCCGAA AGCCGAG 
1098 GGGGACA COGADGAGGCCGAAAGGCCGAA AAGCOGA 
1102 GCODGGG COGADGAGGCCGAAAGGCCGAA ACAGAAG 
1125 AAAGGGA COGADGAGGCCGAAAGGCCGAA AGGGCCG 
1127 GUAAAGG COGADGAGGCCGAAAGGCCGAA ADAGGGC 
1131 OGACGDA COGADGAGGCCGAAAGGCCGAA AGGGADA 
H32 AOGACGO COGADGAGGCCGAAAGGCCGAA AAGGGAD 
1133 . GADGACG COGADGAGGCCGAAAGGCCGAA AAAGGGA 
H37 CAGGGAO COGADGAGGCCGAAAGGCCGAA ACGDAAA 
1140 GCOCAGG COGADGAGGCCGAAAGGCCGAA AOGACGO 
1153 CADAGOO COGADGAGGCCGAAAGGCCGAA ADGGOGC 
1158 CUCAUCA COGADGAGGCCGAAAGGCCGAA AGOOGAO 
H 67 GGOGGGA COGADGAGGCCGAAAGGCCGAA ACDCADC 
1168 OGGOGGG COGADGAGGCCGAAAGGCCGAA AACOCAD 
11^9 ADGGOGG COGADGAGGCCGAAAGGCCGAA AAACOCA 

11 82 AGAAGGA COGADGAGGCCGAAAGGCCGAA ACACCAO 

1183 CAGAAGG COGADGAGGCCGAAAGGCCGAA AACACCA 

1184 CCAGAAG COGADGAGGCCGAAAGGCCGAA AAACACC 
1187 OGCCCAG COGADGAGGCCGAAAGGCCGAA AGGAAAC 
H88 COGCCCA COGADGAGGCCGAAAGGCCGAA AAGGAAA 
11^8 CCOGGCO COGADGAGGCCGAAAGGCCGAA ADCOGCC 
1209 CAAGGCC COGADGAGGCCGAAAGGCCGAA AGGCCOG 
1215 CGGGGCC COGADGAGGCCGAAAGGCCGAA AGGCCGA 
1229 ACDOGGG COGADGAGGCCGAAAGGCCGAA AGGGGCC 
1237 GGGGCAG COGADGAGGCCGAAAGGCCGAA ACDOGGG 
1250 GGGGCOG COGADGAGGCCGAAAGGCCGAA AGCCOGG 
1268 ADGGCDG COGADGAGGCCGAAAGGCCGAA AGCAGGG 
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1279 GAGCUGA CUGADGAGGCCGAAAGGCCGAA ACCADGG 

I 28 ! CAGAGCO CUGADGAGGCCGAAAGGCCGAA AOACCAD 

1286 OGGGCCA COGADGAGGCCGAAAGGCCGAA AGCOGAU 

1309 GGACUGG QJGADGAGGCCGAAAGGCOGAA ACAGGGG 

1315 GGGCUAG CDGAUGAGGCCGAAAGGCCGAA ACDGGGA 

1318 COGGGGC COGADGAGGCCGAAAGGCCGAA AGGACOG 

1331 GCCUGAG COGADGAGGCCGAAAGGCCGAA AGGGCCU 

1334 ACAGCCO COGADGAGGCCGAAAGGCCGAA AGGAGGG 

.1389 GGCCDCD QX2ADGAGGCCGAAAGGCCGAA ACAGCGU 

1413 . ADCADCA COGADGAGGCCGAAAGGCCGAA ACDGCAG 

1414 CADCADC COGADGAGGCCGAAAGGCCGAA AACOGCA 
1437 GCCAAGC OK2ADGAGGCCGAAAGGCCGAA AGGCCCC 
1441 OGOOGCC COGADGAGGCCGAAAGGCCGAA AGCAAGG 

1467 GDCOGOG COGADGAGGCCGAAAGGCCGAA ACACAGC 

1468 GGOCCGO COGADGAGGCCGAAAGGCCGAA AACACAG 
1482 G DCGACG COGADGAGGCCGAAAGGCCGAA ADGCCAG 
I486 AGODGOC COGADGAGGCCGAAAGGCCGAA ACGGADG 
14^4 AAACOCG. COGADGAGGCCGAAACX3CCGAA AGOUGUC 

1500 COGCDGA COGADGAGGCCGAAAGGCCGAA ACOCGGA 

1501 GCOGCOG COGADGAGGCCGAAAGGCCGAA AACOCGG 

1502 AGCOGCO COGADGAGGCCGAAAGGCCGAA AAACOCG 
1525 CCACAGG COGADGAGGCCGAAAGGCCGAA ADGCCCD 
1566 COCAGGG COGADGAGGCCGAAAGGCCGAA ACOCCAU 
1577 CGAGDDA COGADGAGGCCGAAAGGCCGAA AGCCOCA 
1579 GGCGAGO COGADGAGGCC33AAAGGCCGAA ADAGCCO 
1583 ACOAGGC COGADGAGGCCGAAAGGCCGAA AGOOADA 
1588 COGOCAC COGADGAGGCCGAAAGGCCGAA AGGCGAG 
1622 GGAGCAG COGADGAGGCCGAAAGGCCGAA AGCOGGG 
1628 CCCAGOG COGADGAGGCCGAAAGGCCGAA AGCAGGA 
1648 CADOGGG COGADGAGGCCGAAAGGCCGAA AGCCCCG 
1660 COGAAAG COGADGAGGCCGAAAGGCCGAA AGGCCAD 

1663 CDCCOGA COGADGAGGCCGAAAGGCCGAA AGGAGGC 

1664 DCOCCOG COGADGAGGCCGAAAGGCCGAA AAGGAGG 

1665 ADCOCCO OX3VDGAGGCCGAAAGGCCGAA AAAGGAG 

1680 GGAGGAG COGADGAGGCCGAAAGGCCGAA AGOCOOC 

1681 OGGAGGA COGADGAGGCCGAAAGGCCGAA AAGOCOD 
1683 AADGGAG COGADGAGGCCGAAAGGCCGAA- AGAAGUC 
1686 CGCAADG COGADGAGGCCGAAAGGCCGAA AGGAGAA 
1690 OGOCCGC COGADGAGGCCGAAAGGCCGAA ADGGAGG 

1704 GGCOGAG COGADGAGGCCGAAAGGCCGAA AGOCCAU 

1705 GGGCOGA COGADGAGGCCGAAAGGCCGAA AAGOCCA 
1707 CAGGGOJ COGADGAGGCCGAAAGGCCGAA AGAAGUC 
1721 COGAOCO COGADGAGGCCGAAAGGCCGAA ACOCAGC 
1726 AGGAGCO COGADGAGGCCGAAAGGCCGAA ADGOGAC 
1731 CCCOOAG COGADGAGGCCGAAAGGCCGAA AGCOGAD 
1734 ACCCCCD COGADGAGGCCGAAAGGCCGAA AGGAGCO 
1754 COCOGGG COGADGAGGCCGAAAGGCCGAA AGGGCAG 
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Table 23: Human TNF-a HH Ribozyme Target Sequence 



at ♦ 


EH Target Sequence 


nt . 


**** 0O4U6ZIC8 


Position 




Position 


28 


GGCAGGU U CUCUUCC 






29 


GCAGGUa C UCUUCCU 


321 


GOCAGAIJ C ADCCUCU 


31 


agguucu c uuccucu 


324 


AGADCAO" C. DUCCCGA 


33 


GUUCUCU U OC0CDCA 


326 


ADCADCU U CCCGAAC 


34 


uucucuu c cucucac 


327 


UCAUCCU C UCGAACC 


37 


UCUUCCU C UCACAUA 


329 


ADCOUCa C GAACCCC 


39 


UOCCDCO C ACADACa 


352 


AGCCUGU A GCCCADG 


44 


CUCACAU A COGACCC 


361 


CCCADGU 17 GUAGCAA 


58 


CACOGCU C CACCCUC 


364 


ADGOUGU A GCAAACC 


65 


CCACCOJ C DCDOCCC 


374 


AAACCCU C AAGCOGA 


67 


ACCCOCU C DCCCC0G 


391 


GGCAGCU C CAGUGGC 


69 


CCUCUCU.C CCCTOGA 


421 


ADGCCCU C CUGGOCA 


106 


GCAUGAU C CGGGACG 


449 


GAGAGAU A ACCAGCU 


136 


AGGCGCa C CCCAAGA 


468 


GUGCCAXJ C AGAGGGC 


165 


CAGGGCU C CAGGCGG 


480 


GGCCUGU A CCUCADC 


177 


CGGUGCO U GUUCCUC 


484 


UGUACCU C AOCDACTT 


180 


UGCUUGU U CCUCAGC 


487 


ACCUCAU C nArttti v 


181 


GCUCGOU C CUCAGCC 


489 


CUCADQJ A CTTCCPAG 


184 


uuuucca C AGCCDCO 


492 


AUCTTAPTT C onafyj v 


190 


UCAGCCO C UUCUCCU 


499 


cccaggu c cocnncA . 


192 


AGCCOCU U CUCCUUC 


502 


AGGUCCO C DUCAAGG 


193 
195 


GCCDCDU C UCCUUCC 


504 


GUCCOCU U CAAGGGC 




CUCUUCU C CUUCCUG 


505 


UCCUCUU C AAGGGCC 


198 


uacoccu u ccugadc 


525 


OGCCCOJ C CACCCAD 


199 


UCUCOJU C CUGADCG 


538 


ADGOGCU C CDCACCC 


205 


CCCUGAU C GUGGCAG 


541 


txscoaaj c acccaca 


226 


CCAOGCO C UUCOGCC 


553 


ACACCAET C AGCCGCA 


228 


ACGcaca u cugccog 


562 


GCOGCAU C GCCGUCO 


229 


CGCUCuu C UGCCUGC 


. 568 


OCGCCGU C DCCOACC 


243 


COGCACD U UGGAGUG 


570 


GCCGUCU C COACCAG 


244 


UGCACUU U GGAGOGA 


573 


GUCUCCU A CCAGACC 


253 


GAGUGAU C GGCCCCC 


586 


CCAAGGU C AACCUCC 


273 


GAAGAGU C CCCCAGG 


592 


UCAACCU C CUCOCUG 


286 


GGGACCU C UCUCOAA 


59S 


Accccca C UCUGCCA 


288 


GAGCUCU C UCQAADC 


597 


CUCCDCU C CGCCADC 


290 


CCUCOCD C UAADCAG 


604 


CUGCCAU C AAGAGCC 


292 


UCDCUCU A ADCAGCC 


657 


CCCUGGU A DGAGCCC 


295 


CUCUAAU C AGCOCDC 


667 


AGCCCAU C UADCDGG 


302 


CAGCcar c uggocca 


669 


CCCADOJ A DCCGGGA 
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671 


CADCQMJ C UGGGAGG 




682 


ValUJVSWwW w l/U^WW^ 


inni 

1UU1 


684 




IUU / 


685 


GGGOCUU C CAGCUGG 


iUUO 


709 




J-U^S J. 


721 




i mo 

XU^SJ 


725 


GADCAAU C GGCCem 


1 Hi* A 


735 


CCCGACU A OCUCGAC 


iU4D 


737 




XU4 / 


739 


A£_!IIAIjCTJ C* f^Af'l IT IT If 2 


XU-X 


744 


CUCGACU U UGCCGAG 


i o*;n 


745 


UCGACUU U GCCGAGU 


iofT7 

XvO / 


753 


GCCGAGU C UGGGCAG 




763 


GGCAGGU C UACUUUG 


■WOO 


765 


CAGGUCU A CUUDGGG 


1090 


768 


GUCUACU U UGGGAUC 


1091 


769 


UCUACUU U GGGAUCA 


1113 


775 


UOGGGMJ C ADUGCCC 


1124 


778 


QGAUCAU U GCCCUGU 


1129 


801 


CGAACAU C CAACCOU 


A1J3 


808 


CCAAGCU U CCCAAAC 


11 


809 


CAACCOU C CCAAAOG 




820 


AACGCCU C CCCTEfY* 


1 1 CO 


833 


CCPt*AMT C fY"T IIHiaix 


1 1 CO 
XXd9 


837 


JVATTT^m 7 TT T7ATH lAfY* 


XXo^ 


838 


AUCCCTTtT TT ATHTAfYY* 


XXo4 


839 


ubccnnn a nrTarrrn 


XX ob 


841 


ccuurjAiJ n Aa^rrnrr 


XX/ 4 


842 


CTTntTATTTT a rrnrnr 


XX / D , 


849 


APOfYTTT O ^'1 If U 


1176 


852 




1183 


853 




1184 


863 




1187 




ULJiALaJU l. uucuggc 


1208 


871 




1224 


87? 




1228 


879 


U\*Uovjs-U v. AAAAAGA 


1230 




iwjfttaAAU U W&rfjAjfckJU 


1232 






1233 


899 


ryyyyTTT T * H'Vjy » 
wWjUIU A vjo^UUGG 


1234 


904 




1238 


917 




±233 


918 


CAAGCUU A GAACUUU 


1245 


924 


UAGAACU U UAAGCAA 


1251 


925 


AGAACUU D AAGCAAC 


1252 


926 


GAACUUU A AGCAACA 


1254 


945 


CACCACU U CGAAACC 


1255 


946 


ACCACDD C GAAACCU 


1256 


959 


CUGGGAU a CAGGAAU 


1258 



UGGGAUU C AGGAADG 
AACCACU A AGAAUUC 
CAAGAAD TJ CAAACDG 
AAGAAUU C AAACUGG 
GGGGCCU C CAGAACU 
CAGAACU C ACUGGGG 
GGGGCCU A CAGCUUU 
nACAGCU U DGAUCCC 
ACAGCDU U GAUCCCU 
CUUUGAU C CCDGACA 
CUGACAU C CGGAAUC 
CTGGAA0 C UGGAGAC 
GGAGCCU U rjGGUUCU 
GAGCCUU U GGU UCUG 
CUUUGGU U CCGGCCA 
UOUGGUa C UGGCCAG 
CAGGACTJ U GAGAAGA 
AAGACCU C ACCUAGA 
CUCACCLT A GAAAODG 
UAGAAAU U GACVCAA 
CGGACCa U AGGCCUa 
GGACCOU A GGCCDDC 
HAGGCCU U CC OC0 C 0 
AGGCUJU C COC0CDC 
ccuucca C DCUCCAG 
UUCCDCU C UCCAGAU 
CCUCUCU C CAGADGU 
CAGATJGU 0 UCCAGAC 
AGADGUU U CCAGACO 
GAUGUUU C CAGACUU 
CCAGACU U CCDUGAG 
CAGACUU C CUUGAGA 
ACUUCCU U GAGACAC 
CAGCCCU C CCCAUGG 
GCCAGCU C CCUCUAU 
GCOCCCU C tJAUOUAU 
UCCCUCU A UUUAUGU 
CCUCUAU U G AUGUUU 
CUCUAUU U AUGUUUG 
UCUAUUU A UGUUUGC 
UUUAUGU TJ TJGCACUU 
UQADGUU XJ GCACUUG 
UtJGCACU U GUGAUUA 
OUGUGAU U AUUUAUU 
CGOSAUU A UUUAUUA 
CGAUUAU U UAUUAUU 
GAUUAUU U AUUAUUU 
AUUAUUU A UUAUUUA 
OAUUUAU U AUUUAUU 
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1259 ADUUAUU A UUUAUUU 

1261 UUADUAD U UAUUUAD 

1262 UAUUAUU U AUUUADU 

1263 ADUAUUU A UUUAUUA 
1265 UADUUAU U UADUADU 
1265 ADUQADU U ADUADUU 
1267 UUUADUU A DUAUUUA 

1269 UAUUUAD U AUUUADU 

1270 ADUOADU A UUUAUUU 

1272 UUAUUAD U UAUUUAD 

1273 UAUUauu U AUUUAUU 

1274 AUUAUUU A UUUADUU 

1276 UADUUAU U UAUUUAC 

1277 ADUUAUU U ADUOACA 

1278 UUUADUU A UUUACAG 

1280 UAUUUAU U UACAGAU 

1281 ADUUAUU U ACAGADG 

1282 UUUAUUU A CAGADGA 
1294 UGAADGU A UUUAUUU 

1296 AADGUAU U UAUUUGG 

1297 AUGUAUU U AUUUGGG 

1298 UGUADUU A UUUGGGA 

1300 UADUUAU U UGGGAGA 

1301 ADUUAUU U GGGAGAC ■ 
1315 CCGGGGU A UCCUGGG 
1317 GGGGUAU C CUGGGGG 
1334 CCAADGU A GGAGCUG 
1345 GCUGCCU U GGCUCAG 
1350 CUUGGCU C AGACADG 

1359 GACADGU U UUCCGUG 

1360 ACADGUU U UCCGUGA 

1361 CAUGUUU U CCGUGAA 

1362 AUGUUUU C CGUGAAA 
1386 GAACAAU A GGCUGUU 

1393 AGGCUGU U CCCAUGU 

1394 GGCUGUU C CCADGUA 
1401 CCCAUGU A GCCCCCU 
1414 CUGGCCU C UGUGCCU 

1422 UGUGCCU U CUUUUGA 

1423 GUGCCUU C UUUU GAU 

1425 GCCUUCU U UUGAUUA 

1426 CCUUCUU U UGADUAU 

1427 CUUCUUU U GAUUADG 

1431 UUUUGAU U AUGUUUU 

1432 UUUGAUU A DGUUUUU 

1436 AUUADGU U UUUUAAA 

1437 UUAUGUU U UUUAAAA 

1438 UAUGUUU U UUAAAAU 



1440 UGOUUUU U AAAAUAU 

1441 GUUUUUU A AAAUAUU 
1446 UUAAAAU A UUAUCUG 

1448 AAAAUAU U AOCUGAU 

1449 AAAUAUU A UCUGAUU 
1451 AUAUUAU C UGAUUAA 

1456 AUCDGAU U AAGUUGU 

1457 UCUGAUU A AGUUGUC 
1451 AUUAAGU U GCCUAAA 

1464 AAGUUGU C UAAACAA 

1465 GUUGUCU A AACAAUG 

1479 UGCCGAU U UGGUGAC 

1480 GCCGAUU U GGCGACC 
1494 . CAACUGU C ACUCAUU 
1498 UGUCACU C AUCGCUG 
1501 CACUCAU U GCCGAGG 
1512 GAGGCCU C UGCGCCC 
1517 CUCUGCU C CCCAGGG 
1528 AGGGAGU U GUUJC UG 
1533 GUUGUGU C UGUAAUC 
1537 UGUCUGU A ADCGGCC 
1540 CUGUAAU C GGCCUAC 
1546 UCGGCCU A C UAUU CA 
1549 GCCUACU A UUCAGCG 

1551 CUACUAU U CAGCGGC 

1552 UACUAUU C AGCGGCG 
1566 GAGAAAU A AAGGUUG 
1572 UAAAGGU U GCUUAGG 

1576 GGUUGCU U AGGAAAG 

1577 GUUGCUU A GGAAAGA 
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Table 24: Human TNF-a Hammerhead Ribozyme Sequences 



at, HH Ribozyme Sequence 
Position 

28 GGAAGAG COGADGAGGCCGAAAGGCCGAA ACCUGCC 

29 AGGAAGA .CTCADSAGGCCGAAAGGCCGAA AACCOGC 
31 AGAGGAA COGADGAGGCCGAAAGGCCGAA AGAACCO 

33 CGAGAGG CXX3AD3AGGCCGAAAGGCCGAA AGAGAAC 

34 GOGAGAG CDGAIX2AJGGCCGAAAGGCCGAA AAGAGAA 
37 OADGCGA CUGADGAGGCCGAAAGGCCGAA AGGAAGA 
39 AGUAUGU CUGADGAGGCCGAAAGGCCGAA AGAGGAA 
44 GGGOCAG COGADGAGGCCGAAAGGCCGAA AOGOGAG 
58 GAGGGUG COGADGAGGCCGAAAGGCCGAA AGCCGDG 
65 GGGGAGA COGADGAGGCCGAAAGGCCGAA AGGG OS G 
67 CAGGGGA OT3ADGAGGCCGAAAGGCCGAA AGAGGGU 

. 69 UCCAGGG COGADGAGGCCGAAAGGCCGAA AGAGAGG 

106 CGOCCCG COGADGAGGCCGAAAGGCCGAA ADCAjDGC 

136 UCOOGGG COGADGAGGCCGAAAGGCCGAA AGCGCCO 

165 COGCCOG COGADGAGGCCGAAAGGCCGAA AGCCCOG 

177 GAGGAAC COGADGAGGCCGAAAGGCCGAA AGCACCG 

130 GCOGAGG COSADGAGGCCGAAAGGCCGAA ACAAGCA 

* 81 GGCOGAG COGADGAGGCCGAAAGGCCGAA AACAAGC 

184 AGAGGCO COGADGAGGCCGAAAGGCCGAA AGGAACA 

190 AGGAGAA COGADGAGGCCGAAAGGCCGAA AGGCOGA 

152 GAAGGAG COGADGAGGCCGAAAGGCCGAA AGAGGCO 

193 GGAAGGA COGADGAGGCCGAAAGGCCGAA AAGAGGC 

195 CAGGAAG COGADGAGGCCGAAAGGCCGAA AGAAGAG 

198 GADCAGG COGADGAGGCCGAAAGGCCGAA AGGAGAA 

199 CGADCAG COGADGAGGCCGAAAGGCCGAA AAGGAGA 
205 COGCCAC COGADGAGGCCGAAAGGCCGAA ADCAGGA 
226 GGCAGAA COGADGAGGCCGAAAGGCCGAA AGCGOGG 

228 CAGGCAG COGADGAGGCCGAAAGGCCGAA AGAGCGO 

229 GCAGGCA COGADGAGGCCGAAAGGCCGAA AAGAGCG 

243 CACOCCA COGADGAGGCCGAAAGGCCGAA AGOGCAG 

244 UCACOCC COGATOAGGCCGAAAGGCCGAA AAGOGCA 
253 GGGGGCC COGADGAGGCCGAAAGGCCGAA ADCACOC 
273 CCOGGGG COGADGAGGCCGAAAGGCCGAA ACOCOOC 
286 OUAGAGA COGADGAGGCCGAAAGGCCGAA AGGOCCC 
288 GADOAGA COGADGAGGCCGAAAGGCCGAA AGAGGOC 
290 COGADOA COGADGAGGCCGAAAGGCCGAA AGAGAGG 
292 GGCOGAD COGADGAGGCCGAAAGGCCGAA AGAGAGA 
295 GAGGGCU COGADGAGGCCGAAAGGCCGAA ADDAGAG 
302 OGGGCCA COGADGAGGCCGAAAGGCCGAA AGGGCOG 
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321 AGAAGAD CUGADGAGGCCGAAAGGCCGAA ADCOGAC 

324 UCGAGAA CUGADGAGGCCGAAAGGCCGAA ADGAUCU 

326 GUUCGAG CUGADGAGGCCGAAAGGCCGAA AGADGAU 

327 GGUUCGA CUGADGAGGCCGAAAGGCCGAA AAGAUGA 
329 GGGGUUC CUGADGAGGCCGAAAGGCCGAA AGAAGAU 
352 CADGGGC CUGADGAGGCCGAAAGGCCGAA ACAGGCU 
361 UUGCUAC CUGADGAGGCCGAAAGGCCGAA ACAUGGG 
364 GGUUUGC CUGADGAGGCCGAAAGGCCGAA ACAACAU 
374 UCAGCUU CUGADGAGGCCGAAAGGCCGAA AGGGUUU 
391 GCCACUG CUGATOAGGCCGAAAGGCCGAA AGCUGCC 
421 UGGCCAG CUGADGAGGCCGAAAGGCCGAA AGGGCAD 
449 AGCUGGU CUGADGAGGCCGAAAGGCCGAA ADCUCUC 
468 GCCCUCU CUGADGAGGCCGAAAGGCCGAA AUGGCAC 
480 GAUGAGG CUGADGAGGCCGAAAGGCCGAA ACAGGCC 
484 AGUAGAU CUGADGAGGCCGAAAGGCCGAA AGGUACA 
487 GGGAGUA CIJGAUGAGGCCGAAAGGCCGAA ADGAGGU 
489 CUGGGAG CUGADGAGGCCGAAAGGCCGAA AGADGAG 
492 GACCUGG CUGADGAGGCCGAAAGGCCGAA AGUAGAU 
499 UGAAGAG CUGADGAGGCCGAAAGGCCGAA ACCUGGG 
502 CCUUGAA CUGADGAGGCCGAAAGGCCGAA AGGACCU 

504 GCCCUUG CUGADGAGGCCGAAAGGCCGAA AGAGGAC 

505 GGCCCUU CUGADGAGGCCGAAAGGCCGAA AAGAGGA 
525 AUGGGUG CUGADGAGGCCGAAAGGCCGAA AGGGGCA 
538 GGGUGAG CUGADGAGGCCGAAAGGCCGAA AGCACAD 
541 UGUGGGU CUGADGAGGCCGAAAGGCCGAA AGGAGCA 
553 UGCGGCU CUGADGAGGCCGAAAGGCCGAA ADGGDGU 

562 AGACGGC CUGADGAGGCCGAAAGGCCGAA ADGCGGC 

563 GGUAGGA CUGADGAGGCCGAAAGGCCGAA ACGGCGA 
570 CDGGUAG CUGADGAGGCCGAAAGGCCGAA AGACGGC 
573 GGUCUGG CUGADGAGGCCGAAAGGCCGAA AGGAGAC 
586 GGAGGUU CUGADGAGGCCGAAAGGCCGAA ACCUUGG 
592 CAGAGAG CUGADGAGGCCGAAAGGCCGAA AGGUUGA 
595 UGGCAGA CUGADGAGGCCGAAAGGCCGAA AGGAGGU 
597 GADGGCA CUGADGAGGCCGAAAGGCCGAA AGAGGAG 
604 GGCUCUU CUGADGAGGCCGAAAGGCCGAA ADGGCAG 
657 GGGCUCA CUGADGAGGCCGAAAGGCCGAA ACCAGGG 
667 CCAGAUA CUGADGAGGCCGAAAGGCCGAA ADGGGCU 
669 UCCCAGA CUGADGAGGCCGAAAGGCCGAA AGADGGG 
671 CCUCCCA CUGADGAGGCCGAAAGGCCGAA ADAGADG 
682 GCUGGAA CUGADGAGGCCGAAAGGCCGAA ACCCCUC 

684 CAGCUGG CUGADGAGGCCGAAAGGCCGAA AGACCCC 

685 CCAGCUG CUGADGAGGCCGAAAGGCCGAA AAGACCC 
709 CAGCGCU CUGADGAGGCCGAAAGGCCGAA AGUCGGU 
721 GCCGADU CUGADGAGGCCGAAAGGCCGAA AUCUCAG 
725 UCGGGCC CUGADGAGGCCGAAAGGCCGAA AUOGADC 
735 GUCGAGA CUGADGAGGCCGAAAGGCCGAA AGDCGGG 
737 AAGUCGA CUGADGAGGCCGAAAGGCCGAA AUAGDCG 
739 CAAAGUC CUGADGAGGCCGAAAGGCCGAA AGADAGU 
744 CUCGGCA CUGADGAGGCCGAAAGGCCGAA AGOCGAG 
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745 ACUCGGC CDGAD3AGGCOTAAAGGCCGAA AAGUCGA 

753 COGCCCA CDGADGAGGCCGAAAGGCCGAA ACUCGGC 

763 CAAAGUA Q3GADGAGGCCGAAAGGCCGAA ACCDGCC 

■ 765 CCCAAAG CDGADGAGGCCGAAAGGCCGAA AGACCDG 

768 GADCCCA CDGADGAGGCCGAAAGGCCGAA AGUAGAC 

769 DGADCCC COGAEPGAGGCCGAAAGGCCGAA AAGUAGA 
775 GGGCAAU CDGADGAGGCCGAAAGGCCGAA ADCCCAA 
778 ACAGGGC CDGADGAGGCCGAAAGGCCGAA ADGADCC 
801 AAGGDDG CDGADGAGGCCGAAAGGCCGAA ADGUUCG 

808 GUUOGGG CDGADGAGGCCGAAAGGCCGAA AGGUOGG 

809 CGOUDGG CDGADGAGGCCGAAAGGCCGAA AAGGDUG 
820 GGCAGGG CDGADGAGGCCGAAAGGCCGAA AGGCGUU 
833 ADAAAGG CDGADGAGGCCGAAAGGCCGAA ADDGGGG 

837 GGUAADA CDGADGAGGCCGAAAGGCCGAA AGGGADU 

838 GGGDAAU CDGADGAGGCCGAAAGGCCGAA AAGGGAU 

839 GGGGOAA CDGADGAGGCCGAAAGGCCGAA AAAGGGA 

841 AGGGGGD CDGADGAGGCCGAAAGGCCGAA ADAAAGG 

842 GAGGGGG CDGADGAGGCCGAAAGGCCGAA AADAAAG 
849 DCDGAAG CDGADGAGGCCGAAAGGCCGAA AGGGGGD 

852 GDGDCDG CDGADGAGGCCGAAAGGCCGAA AGGAGGG 

853 GGDGDCD CDGADGAGGCCGAAAGGCCGAA AAGGAGG 
863 AGAGGDU CTOADGAGGCCGAAAGGCCGAA AGGG D G U 
869 GCCAGA CDGADGAGGCCGAAAGGCCGAA AGGDDGA 

871 GAGCCAG CDGADGAGGCCGAAAGGCCGAA AGAGGDU 

872 DGAGCCA CDGADGAGGCCGAAAGGCCGAA AAGAGGD 
878 DCDODDD CDGADGAGGCCGAAAGGCCGAA AGCCAGA 
890 AGCCCCC CDGADGAGGCCGAAAGGCCGAA ADUCDCU 

898 CGACCCU CDGADGAGGCCGAAAGGCCGAA AGCCCCC 

899 CCGACCC CDGADGAGGCCGAAAGGCCGAA AAGCCCC 
904 GGGODCC CDGADGAGGCCGAAAGGCCGAA ACCCDAA 

917 AAGODCU CDGADGAGGCCGAAAGGCCGAA AGCDDGG 

918 AAAGDDC CDGADGAGGCCGAAAGGCCGAA AAGCDDG 

924 DDGCDDA CDGADGAGGCCGAAAGGCCGAA AGDDCDA 

925 GUUGCUU CDGADGAGGCCGAAAGGCCGAA AAGODCU 
DGUOGCU CDGADGAGGCCGAAAGGCCGAA AAAGDUC 

945 GGDDUCG CDGADGAGGCCGAAAGGCCGAA AGDGGDG 

946 AGGDDDC CDGADGAGGCCGAAAGGCCGAA AAGDGGU 

959 ADDCCDG CDGADGAGGCCGAAAGGCCGAA ADCCCAG 

960 CADUCCU CDGADGAGGCCGAAAGGCCGAA AADCCCA 
1001 GAADDCD CDGADGAGGCCGAAAGGCCGAA AGDGGUU 
1° 07 CAGDDDG CDGADGAGGCCGAAAGGCCGAA ADDCDDA 
1008 C CAGDDU CDGADGAGGCCGAAAGGCCGAA AADDCUU 
1021 AGDDCDG CDGADGAGGCCGAAAGGCCGAA AGGCCCC 
1029 CCCCAGU COGADGAGGGQGAAAGGOOGAA AGDDCDG 
1040 ■ AAAGCOG CDGADGAGGCCGAAAGGCCGAA AGGCCCC 

1046 GGGADCA CDGADGAGGCCGAAAGGCCGAA AGCDGUA 

1047 AGGGADC CDGADGAGGCCGAAAGGCCGAA AAGCDGU 
1051 OGUCAGG CDGADGAGGCCGAAAGGCCGAA ADCAAAG 
1060 GADDCCA CDGADGAGGCCGAAAGGCCGAA ADGDCAG 
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1067 GUCUCCA CDGADGAGGCCGAAAGGCCGAA ADUCCAG 

1085 AGAACCA CDGADGAGGCCGAAAGGCCGAA AGGCUCC 

1086 CAGAACC CDGADGAGGCCGAAAGGCCGAA AAGGCUC 

1090 UGGCCAG CUGA3DGAGGCCGAAAGGCCGAA ACCAAAG 

1091 CUGGCCA CDGADGAGGCCGAAAGGCCGAA AACCAAA 
1113 UCOUCUC CTCADGAGGCX^AAAGGCCGAA AGUCCUG 
1124 UCDAGGU CDGADGAGGCCGAAAGGCCGAA AGGOCUU 
1129 CAADDDC CDGADGAGGCCGAAAGGCCGAA AGGDGAG 
1135 DDGDGOC CDGADGAGGCCGAAAGGCCGAA AUUUCUA 

1151 AAGGCCU CDGADGAGGCCGAAAGGCCGAA AGGDCCA 

1152 GAAGGCC CDGADGAGGCCGAAAGGCCGAA AAGGDCC 
U58 AGAGAGG CDGADGAGGCCGAAAGGCCGAA AGGCCDA 
U59 GAGAGAG CDGADGAGGCCGAAAGGCCGAA AAGGCCU 
1162 CDGGAGA CDGADGAGGCCGAAAGGCCGAA AGGAAGG 
1164 ADCDGGA CDGADGAGGCCGAAAGGCCGAA AGAGGAA 
1166 ACADCDG CDGADGAGGCCGAAAGGCCGAA AGAGAGG 
H74 GDCDGGA CDGADGAGGCCGAAAGGCCGAA ACADCDG 
U75 AGDCDGG CDGADGAGGCCGAAAGGCCGAA AACADCU 
U76 AAGDCDG COGAD3AGGCCGAAAGGCCGAA AAACADC 

1183 CDCAAGG CDGADGAGGCCGAAAGGCCGAA AGDCDGG 

1184 DCOCAAG CDGADGAGGCCGAAAGGCCGAA AAGDCDG 
1187 GDGDCDC CDGADGAGGCCGAAAGGCCGAA AGGAAGD 
1208 CCADGGG CDGADGAGGCCGAAAGGCCGAA AGGGCDG 
1224 AHAGAGG CDGADGAGGCCGAAAGGCCGAA AGCDGGC 
1228 ADAAADA CDGADGAGGCCGAAAGGCCGAA AGGGAGC 
1230 ACADAAA OJGADGAGGCCGAAAGGCCGAA AGAGGGA 

1232 AAACADA CDGADGAGGCCGAAAGGCCGAA ADAGAGG 

1233 CAAACAU CDGADGAGGCCGAAAGGCCGAA AADAGAG 

1234 GCAAACA CDGADGAGGCCGAAAGGCCGAA AAADAGA 

1238 AAGDGCA CDGADGAGGCCGAAAGGCCGAA ACADAAA 

1 239 CAAGUGC CDGADGAGGCCGAAAGGCCGAA AACADAA 
1245 UAADCAC CDGADGAGGCCGAAAGGCCGAA AGDGCAA 

1251 AADAAAD CDGADGAGGCCGAAAGGCCGAA ADCACAA 

1252 UAADAAA CDGADGAGGCCGAAAGGCCGAA AADCACA 

1254 AADAADA CDGADGAGGCCGAAAGGCCGAA ADAADCA 

1255 AAADAAU OJGADGAGGCCGAAAGGCCGAA AADAADC 

1256 UAAADAA CDGADGAGGCCGAAAGGCCGAA AAADAAU 
1258 AADAAAD CDGADGAGGCCGAAAGGCCGAA ADAAADA 
!259 AAADAAA CDGADGAGGCCGAAAGGCCGAA AADAAAU 

1261 ADAAADA CDGADGAGGCCGAAAGGCCGAA ADAADAA 

1262 AADAAAU CDGADGAGGCCGAAAGGCCGAA AADAAHA 

1263 UAADAAA CDGADGAGGCCGAAAGGCCGAA AAADAAU 

1265 AADAAHA CDGADGAGGCCGAAAGGCCGAA AUAAAUA 

1266 AAADAAU CDGADGAGGCCGAAAGGCCGAA AADAAAU 

1267 UAAAUAA CDGADGAGGCCGAAAGGCCGAA AAADAAA 

1269 AADAAAD CDGAD3AGGCCGAAAGGCCGAA ADAAADA 

1270 AAADAAA CDGADGAGGCCGAAAGGCCGAA AADAAAU 

1272 ADAAADA CDGADGAGGCCGAAAGGCCGAA ADAADAA 

1273 AADAAAU CDGADGAGGCCGAAAGGCCGAA AADAADA 
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1274 AAADAAA CUGADGAGGCCGAAAGGCCGAA AAADAAU 

1276 GUAAADA CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1277 UGUAAAU CDGADGAGGCCGAAAGGCCGAA AADAAAU 

1278 CUGOAAA CUGADGAGGCCGAAAGGCCGAA AAADAAA 

1280 ADCDGUA CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1281 CADCUGU CDGADGAGGCCGAAAGGCCGAA AADAAAD 

1282 DCADCUG CDGADGAGGCCGAAAGGCCGAA AAADAAA 
1294 AAADAAA CDGADGAGGCCGAAAGGCCGAA ACADDCA 

1296 CCAAADA CDGADGAGGCCGAAAGGCCGAA ADACADD 

1297 CCCAAAU CDGADGAGGCCGAAAGGCCGAA AADACAD 

1298 DCCCAAA CDGADGAGGCCGAAAGGCCGAA AAADACA 

1300 DCDCCCA CDGADGAGGCO^AGGCCGAA ADAAADA 

1301 GuCOCCC CDGADGAGGCCGAAAGGCCGAA AADAAAU 
1315 CCCAGGA CDGADGAGGCCGAAAGGCCGAA ACCCCGG 
1317 CCCCCAG CDGADGAGGCCGAAAGGCCGAA ADACCCC 
1334 CAGCDCC CDGADGAGGCCGAAAGGCCGAA ACADDGG 
1345 CDGAGCC CDGADGAGGCCGAAAGGCCGAA AGGCAGC 
1350 CADGDCD CDGADGAGGCCGAAAGGCCGAA AGCCAAG 

1359 CACGGAA CDGADGAGGCCGAAAGGCCGAA ACADGOC 

1360 DCACGGA CDGADGAGGCCGAAAGGCCGAA AACADGU 

1361 UUCACGG CDGADGAGGCCGAAAGGCCGAA AAACADG 

1362 DUDCACG CDGADGAGGCCGAAAGGCCGAA AAAACAD 
1386 AACAGCC CDGADGAGGCCGAAAGGCCGAA ADDGDDC 

1393 ACADGGG CDGADGAGGCCGAAAGGCCGAA ACAGCCD 

1394 DACADGG CDGATOAGGCGGAAAGGCCGAA AACAGCC 
1401 AGGGGGC CDGADGAGGCCGAAAGGCCGAA ACADGGG 
1414 AGGCACA CDGADGAGGCCGAAAGGCCGAA AGGCCAG 

1422 DCAAAAG CDGADGAGGCCGAAAGGCCGAA AGGCACA 

1423 ADCAAAA CDGADGAGGCCGAAAGGCCGAA AAGGCAC 

1425 DAADCAA CDGADGAGGCCGAAAGGCCGAA AGAAGGC 

1426 ADAADCA CDGADGAGGCCGAAAGGCCGAA AAGAAGG 

1427 CADAADC CDGADGAGGCCGAAAGGCCGAA AAAGAAG 

1431 AAAACAD C0GAO3AGGCCGAAAGGCCGAA ADCAAAA 

1432 AAAAACA axmJGZGGa32&^^ AADCAAA 

1436 DDUAAAA CDGADGAGGCCGAAAGGCCGAA ACADAAD 

1437 DDDDAAA CDGADGAGGCCGAAAGGCCGAA AACADAA 

1438 ADDDDAA CDGADGAGGCCGAAAGGCCGAA AAACADA 

1439 DADDDDA CDGADGAGGCCGAAAGGCCGAA AAAACAD 

1440 ADADDDD CDGADGAGGCCGAAAGGCCGAA AAAAACA 

1441 AADADUU CDGADGAGGCCGAAAGGCCGAA AAAAAAC 
1446 CAGADAA CDGADGAGGCCGAAAGGCCGAA ADDDDAA 

1448 ADCAGAD CDGADGAGGCCGAAAGGCCGAA ADADDDD 

1449 AADCAGA CDGADGAGGCCGAAAGGCCGAA AADAUDD 
1451 DDAADCA CDGADGAGGCCGAAAGGCCGAA ADAADAD 

1456 ACAACDD CDGADGAGGCCGAAAGGCCGAA ADCAGAD 

1457 GACAACU CDGADGAGGCCGAAAGGCCGAA AADCAGA 
1461 UDDAGAC CDGADGAGGCCGAAAGGCCGAA ACDDAAD 
1464 DDGUUUA CDGADGAGGCCGAAAGGCCGAA ACAACDD 
1466 CADDGDD CDGADGAGGCCGAAAGGCCGAA AGACAAC 
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GOCACCA CDGADGAGGCCGAAAGGCCGAA ADCAGCA 
GGDCACC CUGAOSAGGCCGAAAGGCCGAA AADCAGC 
AADGAGU CDGADGAGGCCGAAAGGCCGAA ACAGODG 
CAGCAAU CDGADGAGGCCGAAAGGCCGAA. AGOGACA 
CCUCAGC CDGADGAGGCCGAAAGGCCGAA ADGAGDG 
GGGAGCA CDGADGAGGCCGAAAGGCCGAA AGGCCDC 
CCCOGGG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 
CAGACAC CDGADGAGGCCGAAAGGCCGAA ACDCCCU 
GADDACA CDGADGAGGCCGAAAGGCCGAA ACACAAC 
GGCOGAU CDGADGAGGCCGAAAGGCCGAA ACAGACA 
GOAGGCC CDGADGAGGCCGAAAGGCCGAA ADDACAG 
DGAADAG CDGADGAGGCCGAAAGGCCGAA AGGCCGA 
CACDGAA CDGADGAGGCCGAAAGGCCGAA AGUAGGC 
GCCACDG CDGADGAGGCCGAAAGGCCGAA ADAGDAG 
CGCCACD CDGADGAGGCCGAAAGGCCGAA AADAGDA 
CAACCDD CDGADGAGGCCGAAAGGCCGAA ADDDCDC 
CCDAAGC CDGADGAGGCCGAAAGGCCGAA ACCUUUA 
COUDCCD CDGADGAGGCCGAAAGGCCGAA AGCAACC 
OCOUOCC CDGADGAGGCCGAAAGGCCGAA AAGCAAC 
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Table 25: Mouse TNF-a HH Target Sequences 



nt • HH Target Sequence 
Position 

66 UgGAAAD a GcucCcA 

101 GGCAGGU U CUgUcCC 

101 GGCAGgU u CuGUccC 

102 GCAGGUU C UgUcCCU 
102 gCAGgDU c ugUCCCU 
106 GUUCOgU c CCDUUCA 

110 UgUcCCU u UCACucA 

111 gDCcCDO u CaCUCAC 

111 * guCCCuU u CACuCAc 

112 UcCCUdU C ACucACU 
116 UuUCACU C AcOGgcc 
137 GCCaCAU C uCCcDCc 
139 caCAuCU C CCUCcAg 
177 GCADGAU C CGcGACG 
207 AGGCaCU C CCCcAaA 
228 GGGGCuU C CAGAACD 
228 GGGGCuU c CAGaacU 
236 CAGaaCU C CAGGCG5 
236 CAGaACD c cAGgcGg 
249 GGugCCO a UgUCUcA 
249 GGuGCCU a UGucUCa 

261 UCAGCCU C UUCBCaU 

261 UCAgCCU C UUCUcau 

263 AGCCOCa U COCaUUC 

263 AgCCOCU U CUcauDC 

264 GCCDCOU C UCaUUCC 
264 gCCUCUa C UcauDCc 
266 COCODCU C aOOCCDG 

269 UDCDCaU U CCOGcUu 

270 UCUCaUU C CUGcUUG 
276 UCCDGcU u GUGGCAG 
297 CCACGCU C UOCOGuC 

299 ACGCOCU U CUGuCUa 

300 CGCDCUU C TCuCUaC 
304 CUuCUgU c uAcDGaa 
306 UcUGDcU a cOgAAcO 

314 OJGaACU U cGGgGDG 

315 UGaACUD c GGgGOGA 
315 uGaaCUU c GGGguGa 
324 gGGOGaU c GgDCCcC 



nt . HH Target Sequence 
Position 

324 GgGUGAU C GGuCCCC 

347 GAGAagU u cCCAaaU 

364 CCUCcCU C UcADCAG 

365 UCcCOCTJ c ADCAGuu 
365 UcCCCCD C auCAGuU 
369 CDCUcAU C AGuuCOa 
376 CAGuuCU a DGGCCCA 
390 AgACCCU C AcaCUcA 
396 ucaCAcU C AGADCAU 
401 CDCAGAU C ADCODCO 
404 AGADCAU C UUCUCaA 
406 AUCADCU U CUCaAAa 

406 AUcAUcU U cUcaAAA 

407 UCAUCUU C UCaAAau 
409 AUCUUCU C aAAauuC 
409 AliCuuCU c AaAADDC 
409 aUcUUcU c AAAauUc 
432 AGCCDGU A GCCCAcG 



444 AcGUcGU A GCAAACC 

501 AcGCCCU C CDGGCCA 

5.60 gGgUUGU a CCUuguC 

56.0 GGguUGQ A CCUugUC 

564 UGOACCU u gOCUACU 

567 ACCUugU C UACUCCC 

569 CUugUCU A C0CCCAG 

572 gUCOACU C CCAGGUu 

572 GUCUaCU c CCAGguu 

572 GuCOacU C CCAgGUu 

579 COCAGGU u CUCUUCA 

580 CCAGguU c uCUUcAa 
580 CCaGGuU c UCuUcaa 
582 AGGUUCU C UUCaagg 
582 AGGUuCU C UTCAAGG. 

584 GUuCUCU U CAAGGGa 

585 UuCUCUU C AAGGGaC 
608 CcCGaCU a CgugCUC 
615 aCgDGcU C CDCAcCC 
61 5 AcGUGCU C CUCACCC 
618 UGCUCCU C ACCCACA 
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630 


ACACCgU C AGCCGau 


940 


630 


ACACCgU C AgCCgaU 


943 


638 


agcCgAU u uGCUaUc 


972 


£ A^ 

643 


aDUOGctJ a uCUcAuA 


972 


C A C 

o4o 


UuGCuaU C UCaUACC 


973 


647 


GCuaDCu C aUACCAG 


984 




agAAaGU C AAl.ulk_u 


984 


569 


UCAACCU C CUCUCUG 


985 


oo9 


UcAAccU c cUcUCUG 


997 


672 


AOCUCCU C UCUGccg 


1010 


674 


CUCCUCU C UGCCgUC 


1017 


631 


cUGCCgU C AagaGcC 


1018 


681 


CUGCCgU C AAGAGCC 


1019 


681 


CUGcCgU C aaGAgcC 


1073 


734 


CCCUGGU A DGAGCCC 


1096 


734 


CccUGGU a ugaGCCc 


1106 


744 


AGCCCAU a UAcCUGG 


1107 


746 


CCCAUaU A cCDGGGA 


1108 


"TCP* 

759 


GAgGAGU C uuCCAGc 


1H5 


759 


GAGGaGU C UUCCAGC 


1133 


761 


GGaGOCO U CCAGCDG 


1164 


762 


Gawfuu C CAGCUGG 


1180 


786 


ACCaACU C AGCGCOG 


1203 


798 


CUGAGgU C AAUCuGC * 


1210 


802 


GgUCAAU C uGCCCaA 


1211 




CCCaAgU A cuOaGAC 


1214 


olo 


AgUAcuU a GACOUDG 


1218 


821 


uUaGACU U UGCgGAG 


1218 


822 


UaGACUU U GCgGAGU 


1213 


830 


GCgGAGU C cGGGCAG 


1218 


840 


GGCAGGU C DACUUUG 


1219 


842 


CAGGUCU A CUUUGGa 


1219 


842 


CAGgucU a CUUUgGA 


1226 


Q A"% 

842 


cagGuCU a CUUUgGA 


1226 




GUCQACU U UGGagUC 


1227 


846 


UCUACUU U GGagUCA 


1227 


852 


UUGGagU C ADDGCuC 


1228 


Off c 

855 


GagDCAU U GCuCUGU 


1238 


887 


AUCCaUU c ucUACCC 


1262 


891 


AuucuCa a CCCaGCC 


1283 


905 


CCcCaCU C UgaCCCC 


1283 


ftrtC 

905 


cCCCacU c UgACCCC 


1285 


905 


CcCCACO c uGAccCC 


1287 


914 


GAcCCcU U uacDCUG 


1287 


915 


ACCCCuU u acUCuGA 


1288 


919 


CUUUAcU c ugaCCcC 


1289 


928 


GACCcCU u UaDugUC 


1293 


928 


gAcCCCQ U UAUUguC 


1293 


932 


CCUUUAU U guCuaCU 


1294 



GuCUACU c cUCAGaG 
UACUccU C AGaGcCc 
UCUaaCU u AgAAAGg 
ucUaaCU u AGAaAgG 
CUaACuU A GAAAggG 
AGgGgAU U auGGcuc 
AGGGgaU U aUGgCUc 
GGGGauU a uGGcUCa 
UcAGAgU c CAAcucu 
CuguGCU c AGAgCUU 
cAGAgCU a UcAaCAA 
AGAgCUU U cAaCAAC 
GAgCUUU c AaCAACu 
UgGGCCU c ucADgCA 
AAGgAcU C AAAugGG 
aCGGGcU U uccGAAD 
UGGGcUU u ccGAAUu 
GGgCuUU c cGaaUUC 
CcGAAnU C ACUGGaG 
CGAAugU C CAuuCcU 
gagCGgU c AgGUUGc 
UcUgOcU c agaABGA 
aaGAuCU c AGGCCUU 
CAGGCCU 0 CCUacCU 
AGGCCUU C CUacCUu 
CCUUCCU a cCUUCAG 
CcuACcU u CaGACCu 
COiaCCU U CAGACcu 
cCuACcU u cAgACCU 
CCUacCU u CAGAccU 
CuaCCUU C AGACcuu 
CuAcCUU c agACcUU 
CagACCU U uCCAgAC 
CAGAccU U UCCAGAC 
agACCUU u CCAgACu 
AGAccUU U CCAGACU 
GAccUUU C CAGACUc 
gACUCuU c cCUGAGG 
CAGCCuU C CuCAcaG 
CCCCccU C uaUUUAU 
cCcCCCU C UAUUUAU 
cCCCUCU A UUUAUaU 
CcuCUAU u UauAuUU 
CCUCUAU U UAUaUUU 
CUCUAUU 0 AUaUUUG 
UCUADUU A UaUUUGC 
UUUAUaU U UGCACUU 
uUUaUaU u UGcAcUu 
UUAUaUU U GCACUUa 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



PCT/IB95/00156 



252 



1300 


UUGCACU U aUUADUu 


1462 


1303 


CAcuDaU u AuDuADU 


1470 


1304 


acUuADU A UUUADUA 


1472 


1306 


UuAUnAD U nATJUADU 


1473 


1307 


uADUADU U ADUADtJU 


1474 


1307 


UaUUaUU U AuuADuU 


1478 


1308 


ADUADUU A UUAUUUA 


1479 


1310 


UauUuAU U AUUUADU 


1479 


1310 


UAUUUAU U ADUUADU 


1484 


1310 


UADUUAU U ADUUADU 


1498 


1311 


ADUUADU A DUUADUU 


1511 


1311 


ADUUADU A DDUADDU 


1514 


1311 


AuuUADU" A UuUauUU 


1516 


1313 


UUADUAD U UADDUAD 


1529 


1313 


. UUADUAD U UADDUAD 


1529 


1313 


uUADUAU u UauDUAu 


1530 


1314 


UADUADU U ADUUADU 


1530 


1314 


UAUUAUU U ADUUADU 


1563 


1315 


ADUADDU A UUUADUA 


1563 


1317 


UADUUAD U UADUADU 


1568 


1318 


ADUUADU U AUUADUU 


1589 


1319 


uuuauuu A UUAUUUA 


1592 


1326 


AUUADUU A UUUAUUU 


1617 


1328 


UADUUAU U UADUUgC 


1623 


1329 


AUUUADU U ADUUgCu 


1633 


1330 


UUUAUUU A UUUgCuu 


25 


1332 


UADUUAD U UgCuuAU 




1333 


ADUUADU U gCuuADG 




1337 


auUUGCU U AuGAAuG 




1338 


UUUGCUU A uGAAuGu 




1346 


UGAADGU A UUUAUUU 




1348 


AADGUAD U UADUUGG 




1349 


ADGUADU U ADUUGGa 




1350 


uuuauuu A UUUGGaA 




1352 


uADuUAD u UGGaAGG 




1352 


UADUUAD U UGGaAGg 




1353 


ADUUADU U GGaAGgC 




1369 


GGGGUgU C CUGGaGG 




1398 


gCUguCU U cAGACAg 




1398 


GCUGuCU U cagaCAG 




1412 


GACADGU U UUCuGUG 




1413 


ACADGUU U UCuGUGA 




1414 


CADGUUU U CuGUGAA 




1415 


ADGUUUU C uGUGAAA 




1415 


ADGUUUU c UgugAaA 




1438 


gaGCUGU c CCCAccU 




1451 


CUGGCCU C UcUaCCU 




1453 


ggCCUCU C UaCCuUG 





aCCuUGU u GCCuCCU 
GccuCcU C UUUUGcU 
cuCcUCU U UUGcUUA 
uCcUCUU U UGcUUAU 
CcUCUUU U GcUUAUG 
UUUUGcU U ADGUUUa 
UUUGcUU a UGuuuAa 
UUUGcOU A UGUUUaa 
UUADGUU U aaaAcAA 
AAAuaiiU U ADCUaAc 
AcccAaU U GUOUuAA 
cAaUUGU C UuAAuAA 
aUUGUCU u AAuAAcG 
CgcugAU u UGGuGAC 
cGCUGAU U UGGUGAC 
gCUGADU u gGUgacC 
GCUGAUU U GGUGACC 
UgaAcCU c UGcOCCC 
ugaaCCU C UGCUCCC 
COCTCCU C CCCAcGG 
UGaCUGU A ADuGcCC 
CDGUAAU u GcCCUAC 
GAGAAAU A AAGaUcG 
UAAAGaU c GCUUAaa 
UUAaaaU a aaAAaCC 
AgGgaOJ a gCCagGA 
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Table 26: Mouse TNF-a Hammerhead Ribozyme Sequences 



nt . Mouse HH Ribozyme . Sequence 

Position 

25 OCCCGGC COGADGAGGCCGAAAGGCCGAA AGUCCCU 

66 GGGGAGC COGADGAGGCCGAAAGGCCGAA ADUOCCA 

101 GGGACAG (XBGADGAGGCCGAAJU3GCCGAA ACCUGCC 

101 GGGACAG OTGADGAGGCCGAAAGGCCGAA ACCOGCC 

102 AGGGACA COGADGAGGCCGAAAGGCCGAA AACCDGC 
102 AGGGACA COGADGAGGCCGAAAGGCCGAA AACCDGC 
106 OGAAAGG COGADSAGGCCGAAAGGCCGAA ACAGAAC 

110 OGAGOGA COGADSAGGCCGAAAGGCCGAA AGGGACA 

111 GOGAGDG CUGAU3AGGCGGAAAGGCCGAA AAGGGAC 

111 GOGAGOG CUGAUGAGGCCGAAAGGCCGAA AAGGGAC 

112 AGCGAGO OJGADGAGGCCGAAAGGCCGAA AAAGGGA 
115 GGCCAGU COGADGAGGCCGAAAGGCCGAA AGOGAAA 
137 GGAGGGA COGADGAGGCCGAAAGGCCGAA ADGOGGC 
13S CUGGAGG COGADGAGGCCGAAAGGCCGAA AGADGCG 
177 CG0CGCG COGADGAGGCCGAAAGGCCGAA ADCADGC 
207 OOOGGGG COGADGAGGCCGAAAGGCCGAA AG0GCCU 
228 AGCOCOG COGADGAGGCCGAAAGGCCGAA AAGCCCC 
228 AGDUCDG COGADGAGGCCGAAAGGCCGAA AAGCCCC 
236 CCGCCUG COGADGAGGCCGAAAGGCCGAA AGUOCOG 
236 CCGCCDG CDGAD3AGGCCGAAAGGCCGAA AGOOCOG " 
249 UGAGACA COGADGAGGCCGAAAGGCCGAA AGGCACC 
249 OGAGACA COGADGAGGCCGAAAGGCCGAA AGGCACC 

261 ADGAGAA COGADGAGGCCGAAAGGCCGAA AGGC0GA 

261 ADGAGAA COGADGAGGCCGAAAGGCCGAA AGGC0GA 

253 GAAOGAG COGADGAGGCCGAAAGGCCGAA AGAGGCO 

253 GAADGAG COGADGAGGCCGAAAGGCCGAA AGAGGCO 

264 GGAAOGA COGADGAGGCCGAAAGGCCGAA AAGAGGC 

264 GGAADGA COGADGAGGCCGAAAGGCCGAA AAGAGGC 

26c CAGGAAO COGADGAGGCCGAAAGGCCGAA AGAAGAG 

269 AAGCAGG OTGADGAGGCCGAAAGGCCGAA ADGAGAA 

270 CAAGCAG COGADGAGGCCGAAAGGCCGAA AADGAGA 
276 COGCCAC COGADGAGGCCGAAAGGCCGAA AGCAGGA 
297 GACAGAA COGADGAGGCCGAAAGGCCGAA AGCGOGG 

299 OAGACAG COGADGAGGCCGAAAGGCCGAA AGAGCGO 

300 GUAGACA COGADGAGGCCGAAAGGCCGAA AAGAGCG 
304 OOCAGOA COGADGAGGCCGAAAGGCCGAA ACAGAAG 
306 AGOOCAG COGADGAGGCCGAAAGGCCGAA AGACAGA 

314 CACCCCG COGADGAGGCCGAAAGGCCGAA AGOOCAG 

315 . OCACCCC COGADGAGGCCGAAAGGCCGAA AAGCCCA 
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315 UCACCCC C03ADGAGGCCGAAAGGCCGAA AAGU UCA 

324 GGGGACC CTXSADGAGGCCGAAAGGCCGAA ADCACCC 

324 GGGGACC CDGAOSAGGCCGAAAGGCCGAA ADCACCC 

347 AUUUGGG CDGADGAGGCCGAAAGGCOGAA ACUUCUC 

364 CGGADGA CDGMGAGGCCGAAAGGCCGAA AGGGAGG 

366 AACUGAU CUGADGAGGCCGAAAGGCCGAA AGAGGGA 

366 AACUGAU CUGADGAGGCCGAAAGGCCGAA AGAGGGA 

.369 UAGAACU CUGADGAGGCCGAAAGGCCGAA ACGAGAG 

376 UGGGCCA CUGADGAGGCCGAAAGGCCGAA AGAACUG 

390 UGAGCGU CUGADGAGGCCGAAAGGCCGAA AGGG U C U 

396 ADGADCU CUGADGAGGCCGAAAGGCCGAA AGCGUGA 

401 AGAAGAU CUGADGAGGCCGAAAGGCCGAA. AUCUGAG 

404 UUGAGAA CUGADGAGGCCGAAAGGCCGAA ADGADCU 

406 UOUUGAG CUGADGAGGCCGAAAGGCCGAA AGADGAD 

406 UUUUGAG CUGADGAGGCCGAAAGGCCGAA AGADGAD 

407 ADUUUGA CUGADGAGGCCGAAAGGCCGAA AAGADGA 
409 GAADUUU CUGADGAGGCCGAAAGGCCGAA AGAAGAU 
409 GAADUUU CUGADGAGGCCGAAAGGCCGAA AGAAGAU 
409 GAADUUU CUGADGAGGCCGAAAGGCCGAA AGAAGAD 
432 CGUGGGC CUGADGAGGCCGAAAGGCCGAA ACAGGCU 

444 GGUUUGC CUGADGAGGCCGAAAGGCCGAA ACGACGU 

501 UGGCCAG CUGADGAGGCCGAAAGGCCGAA AGGGCGU 

560 GACAAGG CUGADGAGGCCGAAAGGCCGAA ACAACCC 

560 GACAAGG CUGADGAGGCCGAAAGGCCGAA ACAACCC 

564 AGUAGAC CUGADGAGGCCGAAAGGCCGAA AGGUACA 

567 GGGAGUA CUGAUGAGGCCGAAAGGCCGAA ACAAGGU 

569 CUGGGAG CUGADGAGGCCGAAAGGCCGAA AGACAAG 

572 AACCUGG CUGADGAGGCCGAAAGGCCGAA AGUAGAC 

2/2 AACCUGG CUGADGAGGCCGAAAGGCCGAA AGUAGAC 

572 AACCUGG CUGAD3AGGCCGAAAGGCCGAA AGUAGAC 

579 UGAAGAG CUGADGAGGCCGAAAGGCCGAA ACCUGGG 
530 UUGAAGA CUGADGAGGCCGAAAGGCCGAA AACC U GG 

580 UUGAAG A CUGADGAGGCCGAAAGGCCGAA AACCUGG 
532 CCUUGAA CUGADGAGGCCGAAAGGCCGAA AGAACCU 
582 CCUUGAA CUGADGAGGCCGAAAGGCCGAA AGAACCU 
534 UCCCUUG CUGADGAGGCCGAAAGGCCGAA AGAGAAC 
585 GUCCCUU CUGADGAGGCCGAAAGGCCGAA AAGAGAA 
€08 GAGCACG CUGADGAGGCCGAAAGGCCGAA AGUCGGG 
615 GGGUGAG CUGADGAGGCCGAAAGGCCGAA AGCACGU 
615 GGGUGAG CUGAUGAGGCCGAAAGGCCGAA AGCACGU 
d8 DGUGGGU CUGADGAGGCCGAAAGGCCGAA AGGAGCA 
630 ADCGGCU CUGADGAGGCCGAAAGGCCGAA ACGGUGU 
630 ADCGGCU CUGADGAGGCCGAAAGGCCGAA ACGGUGU 
€38 GADAGCA CUGAUGAGGCCGAAAGGCCGAA A D CGGCU 
€43 UADGAGA CUGADGAGGCCGAAAGGCCGAA AGCAAAD 
€45 GGUADGA CUGADGAGGCCGAAAGGCCGAA ADAGCAA 
€47 CUGGUAD CUGADGAGGCCGAAAGGCCGAA AGADAGC 
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663 GGAGGUU CUGADGAGGCCGAAAGGCCGAA ACUUCCU 

669 CAGAGAG CCGAUGAGGCCGAAAGGCCGAA AGGCCGA 

669 CAGAGAG CDGAOGAGGCCGAAAGGCCGAA AGGCCGA 

672 CGGCAGA CUGADGAGGCCGAAAGGCCGAA AGGAGGU 

674 GACGGCA CUGADGAGGCCGAAAGGCCGAA AGAGGAG 

. 681 GGCDCUU CUGADGAGGCCGAAAGGCCGAA ACGGCAG 

681 GGCUCDU CDGADGAGGCCGAAAGGCCGAA ACGGCAG 

631 GGCUCDU CDGADGAGGCCGAAAGGCCGAA ACGGCAG 

734 GGGCUCA CDGADGAGGCCGAAAGGCCGAA ACCAGGG 

734 GGGCUCA CUGADGAGGCCGAAAGGCCGAA ACCAGGG 

744 CCAGGUA CUGADGAGGCCGAAAGGCCGAA AOGGGCU 

746 UCCCAGG CUGADGAGGCCGAAAGGCCGAA ADADGGG 

759 GCUGGAA CUGADGAGGCCGAAAGGCCGAA ACDCCUC 

759 GCUGGAA CUGADGAGGCCGAAAGGCCGAA ACCCC UC 

761 CAGCUGG CUGADGAGGCCGAAAGGCCGAA AGACUCC 

762 CCAGCUG CUGADGAGGCCGAAAGGCCGAA AAGACUC 
786 CAGCGCU CUGADGAGGCCGAAAGGCCGAA AGUUGGU 
798 GCAGADU CDGADGAGGCCGAAAGGCCGAA ACCDCAG 
802 UUGGGCA CUGAUGAGGCCGAAAGGCCGAA ADUGACC 
812 GUCUAAG CUGAUGAGGCCGAAAGGCCGAA ACUCGGG 
816 CAAAGUC CUGADGAGGCCGAAAGGCCGAA AAGQACU 

821 CUCCGCA CUGADGAGGCCGAAAGGCCGAA AGUCGAA 

822 ACUCCGC CUGADGAGGCCGAAAGGCCGAA AAGUCCA 
830 CUGCCCG CUGADGAGGCCGAAAGGCCGAA ACUCCGC 
840 CAAAGUA CUGADGAGGCCGAAAGGCCGAA ACCUGCC 
842 UCCAAAG CDGADGAGGCCGAAAGGCCGAA AGACCGG 
842 UCCAAAG CUGADGAGGCCGAAAGGCCGAA AGACCCG 
842 UCCAAAG CUGADGAGGCCGAAAGGCCGAA AGACCCG 

845 GACUCCA CUGADGAGGCCGAAAGGCCGAA AGUAGAC 

846 UGACUCC CUGADGAGGCCGAAAGGCCGAA AAGOAGA 
852 GAGCAAD CUGAUGAGGCCGAAAGGCCGAA ACUCCAA 
855 ACAGAGC CUGADGAGGCCGAAAGGCCGAA ADGACCC 
887 GGGUAGA CDGADGAGGCCGAAAGGCCGAA AADGGAD 
891 GGCOGGG CDGADGAGGCCGAAAGGCCGAA AGAGAAD 
905 GGGGUCA CUGADGAGGCCGAAAGGCCGAA AGUGGGG 
905 GGGGUCA CUGADGAGGCCGAAAGGCCGAA AGUGGGG 
905 GGGGUCA CUGADGAGGCCGAAAGGCCGAA AGUGGGG 

914 CAGAGUA CUGAUGAGGCCGAAAGGCCGAA AGGGGUC 

915 UCAGAGU CUGADGAGGCCGAAAGGCCGAA AAGGGGU 
919 GGGGUCA CUGADGAGGCCGAAAGGCCGAA AGUAAAG 
928 GACAAUA CUGADGAGGCCGAAAGGCCGAA AGGGGUC 
928 GACAAUA CUGADGAGGCCGAAAGGCCGAA AGGGGUC 
932 AGUAGAC CUGADGAGGCCGAAAGGCCGAA ADAAAGG 
940 CUCUGAG CUGADGAGGCCGAAAGGCCGAA AGUAGAC 
943 GGGCUCU CUGADGAGGCCGAAAGGCCGAA AGGAGUA 
972 CCUUUCU CUGAUGAGGCCGAAAGGCCGAA AGUUAGA 
972 CCUUUCU CUGADGAGGCCGAAAGGCCGAA AGUUAGA 

^ 973 CCCUUUC CUGADGAGGCCGAAAGGCCGAA AAGUUAG 

984 GAGCCAD CUGAUGAGGCCGAAAGGCCGAA ADCCCCU 
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984 GAGCCAD COGADGAGGCCGAAAGGCCGAA ADCCCCU 

985 CGAGCCA OXSVDGAGGCCGAAAGGCCGAA AADCCCC 
997 AGAGOOG COGADGAGGCCGAAAGGCCGAA ACUCUGA 
1010 AAGCDCO COGADGAGGCCGAAAGGCCGAA AGCACAG 

1017 UUGUUGA COGADGAGGCCGAAAGGCCGAA AGCUCOG 

1018 GOOGOCG COGADGAGGCCGAAAGGCCGAA AAGCOCO 

1019 AGUUGUU CXJGADGAGGCCGAAAGGCCGAA AAAGCUC 
1073 DGCADGA COGADGAGGCCGAAAGGCCGAA AGGCCCA 
1096 CCCADDO COGADGAGGCCGAAAGGCCGAA AGOCCOO 

1106 ADOCGGA COGADGAGGCCGAAAGGCCGAA AGCCCAD 

1107 AADDCGG COGADGAGGCCGAAAGGCCGAA AAGCCCA 

1108 GAADOCG COGADGAGGCCGAAAGGCCGAA AAAGCCC 
1115 CCCCAGO COGADGAGGCCGAAAGGCCGAA AADDCGG 
1133 AGGAADG COGADGAGGCCGAAAGGCCGAA ACADUCG 
1164 GCAACCU COGADGAGGCCGAAAGGCCGAA ACCACOC 
1180 DCADOCO COGADGAGGCCGAAAGGCCGAA AGACAGA 
1203 AAGGCCU COGADGAGGCCGAAAGGCCGAA AGADCOU 

1210 AGGQAGG COGADGAGGCCGAAAGGCCGAA AGGCCOG 

1211 AAGGQAG COGADGAGGCCGAAAGGCCGAA AAGGCCO 
1214 COGAAGG COGADGAGGCCGAAAGGCCGAA AGGAAGG 
1218 AGGOCDG COGADGAGGCCGAAAGGCCGAA AGGUAGG 
1218 AGGOCDG COGADGAGGCCGAAAGGCCGAA AGGUAGG 
1218 AGGOCDG COGADGAGGCCGAAAGGCCGAA AGGUAGG 

1218 AGGOCDG COGADGAGGCCGAAAGGCCGAA AGGQAGG 

1219 AAGGOCO COGADGAGGCCGAAAGGCCGAA AAGGUAG 
1219 AAGGOCO COGADGAGGCCGAAAGGCCGAA AAGGUAG 
1226 GOCOGGA COGADGAGGCCGAAAGGCCGAA AGGOCDG 

1226 GOCOGGA COGADGAGGCCGAAAGGCCGAA A GGO C D G 

1227 AGOCOGG COGADGAGGCCGAAAGGCCGAA AAGGOCO 

1227 AG OCOGG COGADGAGGCCGAAAGGCCGAA AAGGOCO 

1228 GAGOCOG COGADGAGGCCGAAAGGCCGAA AAAGGOC 
1238 CCOCAGG COGADGAGGCCGAAAGGCCGAA AAGAGDC 
1262 COGOGAG COGADGAGGCCGAAAGGCCGAA AAGGCOG 
1283 ADAAADA COGADGAGGCCGAAAGGCCGAA AGGGGGG 
1283 ADAAADA COGADGAGGCCGAAAGGCCGAA AGG GGGG 
1285 AUADAAA COGADGAGGCCGAAAGGCCGAA AGAGGGG 
1287 AAADADA COGADGAGGCCGAAAGGCCGAA ADAGAGG 

1287 AAADADA COGADGAGGCCGAAAGGCCGAA ADAGAGG 

1288 CAAADAO COGADGAGGCCGAAAGGCCGAA AADAGAG 
I 285 GCAAADA COGADGAGGCCGAAAGGCCGAA AAADAGA 
1293 AAGOGCA COGADGAGGCCGAAAGGCCGAA ADADAAA 

1293 AAGOGCA COGADGAGGCCGAAAGGCCGAA ADADAAA 

1294 UAAGOGC COGADGAGGCCGAAAGGCCGAA AADADAA 
1300 AAADAAD COGADGAGGCCGAAAGGCCGAA AGOGCAA 

1303 AADAAAD COGADGAGGCCGAAAGGCCGAA ADAAGOG 

1304 DAADAAA COGADGAGGCCGAAAGGCCGAA AADAAGO 

1306 AADAADA COGADGAGGCCGAAAGGCCGAA ADAADAA 

1307 AAADAAD COGADGAGGCCGAAAGGCCGAA AADAADA 
1307 AAADAAD COGADGAGGCCGAAAGGCCGAA AADAADA 
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1308 UAAADAA CDGADGAGGCCGAAAGGCCGAA AAADAAD 

1310 AADAAAU CDGADGAGGCCGAAAGGCOGAA ADAAADA 

1310 AADAAAU CDGADGAGGCCGAAAGGCCGAA AUAAAUA 

1310 AADAAAU CIX3ADGAGGCCGAAAGGCCGAA ADAAADA 

1311 AAAIIAAA OTGADGAGGCCGAAAGGCCGAA AADAAAU 
1311 AAADAAA CDGADGAGGCCGAAAGGCCGAA AADAAAU 
1311 AAADAAA OTGADGAGGCCGAAAGGCOGAA AADAAAU 
1313 ADAAAUA CDGADGAGGCCGAAAGGCOGAA ADAADAA 
1313 AUAAAUA CDGADGAGGCCGAAAGGCCGAA ADAADAA 

1313 AUAAAUA CDGADGAGGCCGAAAGGCOGAA ADAADAA 

1314 AADAAAU CDGADGAGGCCGAAAGGCOGAA AADAADA 

1314 AADAAAU CDGADGAGGCCGAAAGGCOGAA AAuAAQA 

1315 DAADAAA CDGADGAGGCCGAAAGGCOGAA AAADAAU 

1317 AADAAUA CDGADGAGGCCGAAAGGCOGAA ADAAADA 

1318 AAADAAU CDGADGAGGCCGAAAGGCOGAA AADAAAU 
1313 DAAADAA CDGADGAGGCCGAAAGGCOGAA AAADAAA 
1325 AAADAAA CDGADGAGGCCGAAAGGCOGAA AAADAAU 

1328 GCAAADA CDGADGAGGCCGAAAGGCOGAA AUAAAUA 

1329 AGCAAAU CDGADGAGGCCGAAAGGCCGAA AADAAAU 

1330 AAGCAAA CDGADGAGGCCGAAAGGCOGAA AAADAAA 

1332 AUAAGCA CDGADGAGGCCGAAAGGCCGAA AUAAAUA 

1333 CAUAAGC CDGADGAGGCCGAAAGGCCGAA AADAAAU 

1337 CADUCAU CDGADGAGGCCGAAAGGCOGAA AGCAAAU 

1338 * ACADDCA CDGADGAGGCCGAAAGGCCGAA AAGCAAA 
I 346 AAADAAA CDGADGAGGCCGAAAGGCCGAA ACADDCA 

1348 CCAAAUA CDGADGAGGCCGAAAGGCCGAA AUACADU 

1349 DCCAAAU CDGADGAGGCCGAAAGGCCGAA AADAOU 

1350 DDCCAAA CDGADGAGGCCGAAAGGCCGAA AAAUACA 
1352 CCDDCCA CDGADGAGGCCGAAAGGCCGAA ADAAADA 

1352 CCDDCCA CDGADGAGGCCGAAAGGCCGAA ADAAADA 

1353 GCCODCC CDGADGAGGCCGAAAGGCCGAA AADAAAU 
1369 CCDCCAG CDGADGAGGCCGAAAGGCCGAA ACAOCCC 
1398 CUGUCUG CDGADGAGGCCGAAAGGCCGAA AGACAGC 
1398 CDGDCDG CDGADGAGGCCGAAAGGCOGAA AGACAGC 

.1412 CACAGAA CDGADGAGGCCGAAAGGCCGAA ACADGDC 

1413 DCACAGA CDGADGAGGCCGAAAGGCCGAA AACADGU 

1414 DDCAC AG CDGADGAGGCCGAAAGGCCGAA AAACADG 

1415 DODCACA CDGADGAGGCCGAAAGGCCGAA AAAACAU 
1415 UDDCACA CDGADGAGGCCGAAAGGCCGAA AAAACAU 
1438 AGGDGGG CDGADGAGGCCGAAAGGCCGAA ACAGCOC 
1451 AGGDAGA CDGADGAGGCCGAAAGGCOGAA AGGCCAG 
i453 CAAGGUA CDGADGAGGCCGAAAGGCCGAA AGAGGCC 
1455 AACAAGG CDGADGAGGCCGAAAGGCCGAA AGAGAGG 
1462 AGGAGGC CDGADGAGGCCGAAAGGCCGAA ACAAGGU 
1470 AGCAAAA CDGADGAGGCCGAAAGGCCGAA AGGAGGC 

1472 UAAGCAA CDGADGAGGCCGAAAGGCCGAA AGAGGAG 

1473 AUAAGCA CDGADGAGGCCGAAAGGCCGAA AAGAGGA 

1474 CAUAAGC CDGADGAGGCCGAAAGGCCGAA AAAGAGG 
1478 DAAACAU CDGADGAGGCCGAAAGGCCGAA AGCAAAA 
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1479 DOAAACA C0GMGAGGCCGAAAO3CCGAA AAGCAAA 

1479 DOAAACA CDGADGAGGCCGAAAGGCCGAA AAGCAAA 

1484 UUGUUUU CDGADGAGGCCGAAAGGCCGAA AACADAA 

1498 GDDAGAD CIJGADGAGGCCGAAAGGCCGAA AADADDU 

1511 DDAAGAC CIX2ADGAGGCCGAAAGGCCGAA ADDGGGU 

1514 uuauuaA CDGADGAGGCCGAAAGGCCGAA ACAADDG . 

1516 CGOOADU CDGADGAGGCCGAAAGGCCGAA AGACAAD 

1529 GUCACCA CDGADGAGGCCGAAAGGCCGAA ADCAGCG 

1529 GOCACCA CJGADGAGGCOIAAAGGCCGAA ADCAGCG 

1530 GGDCACC CDGADGAGGCCGAAAGGCCGAA AADCAGC 
1530 GGDCACC CDGADGAGGCCGAAAGGCCGAA AADCAGC 
1563 GGGAGCA CDGADGAGGCCGAAAGGCCGAA AGG UUC A 
1563 GGGAGCA CDGADGAGGCCGAAAGGCCGAA AGG UUCA 
1568 CCGCGGG Cl^^XiAGGCCGAAAGGCCGAA AGCAGAG 
1589 GGGCAAD CDGADGAGGCCGAAAGGCCGAA ACAGDCA 
1592 GOAGGGC CDGADGAGGCCGAAAGGCCGAA ADDACAG 
1617 CGADCDD CDGADGAGGCCGAAAGGCCGAA ADDOCOC 
1623 DDDAAGC CDGADGAGGCCGAAAGGCCGAA ADCUUUA 
1633 GGDDDDD CDGADGAGGCCGAAAGGCCGAA ADDDDAA 
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Table 29: Human bcr/abl HH Target Sequence 



Sequence 
ZD No, 

b2-&2 



HH Target Sequence 



20 
21 
22 



b3-*2 



CUU QGGGGCXaaj 
AAGMGOOC DCC A3333C3CAGGR 



23 
24 



U&flGCaQG DCC AAAAG00CD0C 
TCAAMGOC CDU QQ0G30CACT 
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Table 30: H uma n bcr-abl HH Ribozyme Sequences 



Sequence EH Ribozyme Sequence 

ID NO. 

26 GGCDDCDOCCO CUGADGAGGCCGAAAGGCCGAA ADGGADGGOCA 

27 ACTOGCCGCCG COG&DGAGGCCGAAAGGCCSAA AGGGC30CTOC 

28 UACOGGCCGCU COGADGAGGCCSAAAGGCCGAA AAGGGCOUCUU 

23 GAAGGGCUOOT CCXaAEGAGGCCGAAAGGCCGAA AACUCOGCUOA 

30 AOJGGCCGCDG CUGADGAGGCCGAAAGGCCGAA AGGGCUUUUGA 

31 . DACDGGCCGCa COGADGaGGCCGAAAGGCCGAA AAGGGCOOUOG 
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Table 31: RSV (IB) EH Target Sequence 



PCT/IB95/00156 





HH Taxpet Sequence 


nt - 


Position 






10 


GGCAAAD A AADCAAD 


276 


14 


AAUAAAU C AADDCAG 


283 


18 


AADCAAD 0 CAGCCAA 


295 


IS 


ADCAADU C AGCCAAC 


303 


54 


CAADGAU A AUACACC 


304 


57 


UGADAAU A CACCACA 


305 


77 


OGADGAU C ACAGACA 


309 


94 


AGACCGU 0 GUCACUU 


317 


97 


CCGUUGU C ACUUGAG 


319 


101 


DGUCACU U GAGACCA 


320 


110 


AGACCAD A ADAACAU 


323 


. 113 


CCADAAU A ACAJDCAC 


327 


118 


ADAACAU C ACUAACC 


337 


122 


CADCACU A ACCAGAG 


www 


134 


GAGAGAU C ADAACAC 




137 


ACADCAU A ACACACA 




148 




JjU 


149 


ACAAADU U Armrmm 




150 


CAAADUU A TT&mrrm 


WW / 


152 


AAjQUUAU A nRfflTKl 


JOJ 


154 


TnTTTArnvTT a mnravrni 

wuununu 4\ wuuvanun 


372 


157 


AnATDVCTT TI {SATIAAan 


375 


161 




JOU 


165 




Jo 3 


176 


AADGCAU A GTTCAftAA 




188 


GAAAACU IT GADRAAfi 


391 


208 


GCCACAD IT DACMJUP 




209 


CCACADU U ACADDCC 


WJO 


210 


CACADUU A CAPDCCO 


402 


214 


DUOACAU U CCOGGUC 


406 


215 


DDACADD C CUGGUCA 


410 


221 


0CCTOG0 C AACQADG 


411 


226 


GDCAACU A UGAAADG 


412 


239 


OGAAACa A UOACACA 


421 


241 


AAACUAU U ACACAAA 


423 


242 


AACDADU A CACAAAG 


424 


251 


ACAAAGU A GGAAGCA 


432 


261 


AAGCACU A AADADAA 


434 


265 


ACUAAAU A QAAAAAA 


446 


267 


UAAADAU A AAAAAUA 


448 


274 


AAAAAAU A UACDGAA 


454 



I 



HH Target Sequence 



AAAADAU A COGAADA 
ACUGAAD A CAACACA 
ACAAAAD A DGGCACU 
UGGCAC0 0 DCCCGAP 
GGCACUU U CCCDADG 
GCACDDU C CCCADGC 
UUDCCCU A DGCCAAD 
DGCCAAU A UUCADCA 
CCAAUAU U CADCAAU 
CAADAUU C AUCAADC 
UADUCAU C AADCADG 
CADCAAU C ADGADGG 
GAJTOGGU 0 CDQAGAA 
ACGGGUU C UUAGAAU 
GGGUUCU 0 AGAAUGC 
GGDDCDU A GAADGCA 
AADGCAU 0 GGCAUCA 
OCGGCAJ0 0 AAGCCUA 
UGGCAUU A AGCCOAC 
OAAGCCD A CAAAGCA 
AAAGCAD A COCCCAU 
GCADACU C CCADAAU 
CUCCCAU A AX2ADACA 
CCAUAAU A UACAAGU 
ADAADAU A CAAGOAU 
0ACAAGU A 0GAJDCDC 
GUAJUGA0 C UCAADCC 
ADGADCU C AAJPOCA0 
UCDCAAD C CADAAAU 
AADCCAU A AAX3UUCA 
CADAAAU 0 OCAACAC 
AUAAADU 0 CAACACA 
UAAADDU C AACACAA 
ACACAAU A UDCACAC 
ACAADAU U CACACAA 
CAAUAUU C ACACAAU 
ACACAAU C DAAAACA 
ACAADCU A AAACAAC 
AACAACU C UADGCAU 
CAACUCU A 0GCADAA 
UADGCAU A ACOAUAC 
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458 




460 


nAAf!!UAIJ A fTBrniTTa 


463 


ccanacu c cactaotc 


467 


ACDCCAD A GUCCAGA 


470 


CCAQAGU C CAGA0GG 


489 


CGAAAAU U ADAGOAA 


490 


GAAAADD A UAGUTVAU 


492 


AAADUAO A GOAADUO 


495 


OTAHAGU A ADUUAAA 
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Table 32: RSV (IB) HH Ribozyme Sequence 



PCI7IB95/00156 



nt . 
Position 

10 
14 

18 . 
19 
54 
57 
T7 
94 
97 
101 
110 
113 
118 
122 
134 
137 
148 
149 
150 
152 
154 
157 
161 
165 
176 
188 
208 
209 
210 
214 
215 
221 
226 
239 
241 
242 
251 
261 
265 
267 
274 
276 



HH Ribozyme Sequence 



ADDGADD CDGADGAGGCCGAAAGGCCGAA AUDDGCC 
COGAADD CDGADGAGGCCGAAAGGCCGAA ADUUADU 
DDGGCDG CDGADGAGGCCGAAAGGCCGAA ADCGADU 
GDDGGCU CDGADGAGGCCGAAAGGCCGAA AADCGAU 
GGOGUAU CDGADGAGGCCGAAAGGCCGAA ADCADDG 
DGDGGDG CDGADGAGGCCGAAAGGCCGAA ADUAUCA 
DGDCDGD CDGADGAGGCCGAAAGGCCGAA AUCAUCA 
AAGOGAC CDGADGAGGCCGAAAGGCCGAA ACGGUCU 
COCAAGD CDGADGAGGCCGAAAGGCCGAA ACAACGG 
PU3JCt l t; CDGADGAGGCCGAAAGGCCGAA AGDGACA 
ADGDUAD CDGADGAGGCCGAAAGGCCGAA ADGGDCD 
^AUiU CDGADGAGGCCGAAAGGCCGAA ADUADGG 
QGDOAGD CDGADGAGGCCGAAAGGCCGAA ADGODAD 
COCDGGD CDGADGAGGCCGAAAGGCCGAA AGDGADG 
GDGDDAD CDGADGAGGCCGAAAGGCCGAA ADGDCDC 
WDGDGD CDGADGAGGCCGAAAGGCCGAA ADGADGU 
GDADADA CDGADGAGGCCGAAAGGCCGAA ADDOGDG 
AGOADAD CDGADGAGGCCGAAAGGCCGAA AADODGD 
AAGOADA OX2ADGAGGCCGAAAGGCCGAA AAADDDG 
OCAAGDA CTCAD3AGGCCGAAAGGCCGAA ADAAADD 
PABCAAG CDGADGAGGCCGAAAGGCCGAA ADADAAA 
ADUOADC CDGADGAGGCCGAAAGGCCGAA AGUADAD 
CADGAOD CDGADGAGGCCGAAAGGCCGAA ADCAAGU 
CADDCAD CDGADGAGGCCGAAAGGCCGAA ADDDADC 
DDCUCAC CDGADGAGGCCGAAAGGCCGAA ADGCADU 
TOOCADC CDGADGAGGCCGAAAGGCCGAA AGDDDDC 
GAADGDA CDGADGAGGCCGAAAGGCCGAA ADGDGGC 
GGAADGD CDGADGAGGCCGAAAGGCCGAA AADGOGG 
AGGAADG CDGADGAGGCCGAAAGGCCGAA AAADGOG 
GACCAGG CDGADGAGGCCGAAAGGCCGAA ADGOAAA 
OGACCAG CDGADGAGGCCGAAAGGCCGAA AACGDAA 
CADAGDD CDGADGAGGCCGAAAGGCCGAA ACCAGGA 
ODOTCA CDGADGAGGCCGAAAGGCCGAA AGDDGAC 
IA***uaA, CDGADGAGGCOGAAAGGCCGAA AGDDDCA 
UOuww CDGADGAGGCCGAAAGGCCGAA ADAGDDD 
luuuwm i CDGADGAGGCCGAAAGGCCGAA AADAGDD 
OGCODCC CDGADGAGGCCGAAAGGCCGAA ACODDGD 
Prara PP CTGADGAGGCCGAAAGGCCGAA AGDGCDD 
TODDD^ CDGADGAGGCCGAAAGGCCGAA ADDDAGD 
TOOTOTD CDGADGAGGCCGAAAGGCCGAA ADADUDA* 
UUCAOTA . CDGADGAGGCCGAAAGGCCGAA ADDDDDU 
DADOCAG CDGADGAGGCCGAAAGGCCGAA ADADDDD 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



PCT/IB95/00156 



268 

283 OGOGOOG C0GADSAGGCO3AAAGGCCGAA ADOCAGU 

295 AGOGCCA CTGADGAGGCCGAAAGGOCGAA ADUUUGU 

303 ADAGGGA OTGAD3AGGCGGAAAGGCCGAA AGOGCCA 

304 CADAGGG COGADGAGGCCGAAAGGCCGAA AAG C GCC 

305 GCADAGG COGADGAGGCCGAAAGGCCGAA AAAGOGC 
309 ADOGGCA COGADGAGGCCGAAAGGCCGAA AGGGAAA 
317 OGADGAA COGADGAGGCCGAAAGGCCGAA ADOGGCA 

319 ADCGAOG COGADGAGGCCGAAAGGCCGAA ADADOGG 

320 GADOGAO COGADGAGGCCGAAAGGCCGAA AAOADCG 
323 CADGADO CDGAIXSiGGCCGAAAGGCCGAA ADGAADA 
327 CCADCAO COGADGAGGCCGAAAGGCCGAA ADCGADG 

337 OOCOAAG CCGADGAGGCOGAAAGGOGGAA, ACCCADC 

338 AOOCUAA COGADGAGGCCGAAAGGCCGAA AACCCAD 

340 GCADOCO COGADGAGGCCGAAAGGCCGAA AGAACOC 

341 OGCADCC CCGADGAGGCOGAAAGGCCGAA AAGAACC 
350 UAADGCC COGADGAGGCOGAAAGGCCGAA ADGCADU 

356 CA GGCOO CDGADGAGGCOGAAAGGCCGAA ADGCCAA 

357 g^^ 1 COGADGAGGCOGAAAGGCCGAA AADGCCA 
363 OGCDOOG COGADGAGGCCGAAAGGCCGAA AGGC UU A 
372 ADSGGAG COGADGAGGCOGAAAGGCCGAA ADGCOOO 
375 ADOADGG CTCADGAGGCCGAAAGGCCGAA AGOADGC 
380 C GQAgAP COGADGAGGCOGAAAGGCCGAA ADGGGAG 
383 ACODGOA COGADGAGGCOGAAAGGCCGAA ADOADGG 
385 ADACCOG COGADGAGGCCGAAAGGCCGAA ADADUAD 
391 GAGADCA COGADGAGGCCGAAAGGCCGAA ACODGOA 
396 GGADUGA COGADGAGGCCGAAAGGCCGAA ADCADAC 
398 ADGGADU COGADSAGGCOGAAAGGCCGAA AGADCAD 
402 ADOOADG COGADGAGGCCGAAAGGCCGAA ADOGAGA 
406 P^AADa COGADGAGGCCGAAAGGCCGAA ADGGADO 

410 <*U*JUGA COGADGAGGCCGAAAGGCCGAA ADOOADG 

411 ^TOOOG COGADSAGGCOGAAAGGCOGAA AADODAU 

412 ODGOGO O COGADGAGGCCGAAAGGCCGAA AAADOUA 
421 om**rtA OTGATCAGGCCGAAAGGCCGAA ADOGOGO 

423 UUAJUUG COGADGAGGOCGAAAGGCCGAA ADADUGO 

424 ADOGOGO COGADGAGGOOGAAAQGOQGAA AADADOG 
432 OGOOOQA, COGADSAGGOOGAAAQGOCCSUl ADOGOGO 
434 GOOGOOO COGADGAGGCCGAAAGGCCGAA AGADOGO 
446 ADGCADA COGADGAGGCCGAAAGGCCGAA AGOOGOO 
448 UOADGCA COGADGAGGCCGAAAGGCCGAA AGAGOCG 
454 GQAOAGO COGADSAGGCOGAAAGGCCGAA ADGCADA 
458 CGGAGOA COGAD3VGGCOGAAAGGCCGAA AGOOADG 
460 GADQGAG COGADGAGGCCGAAAGGCCGAA ADAGOOA 
463 GACOADG COGADGAGGCCGAAAGGCCGAA AGOADAG 
467 OCOGGAC CDGADGAGGCOGAAAGGOOGAA ADGGAGO 
470 CCADCOG COGADGAGGCOGAAAGGCCGAA ACOADGG 

489 OUACOAIJ COGADGAGGCCGAAAGGCCGAA ADOOOCA 

490 ADOACOA COGADGAGGCCGAAAGGCCGAA AADOOOC ' 
492 AAAUOAC COGADGAGGCCGAAAGGCCGAA ADAADOU 
495 UOOAAAD COGADGAGGCCGAAAGGCCGAA ACOADAA 
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Table 33 : RSV (1C) HH target Sequence 



nt. 


Target: Sequence 


Position 






wV-rtnAU A AUAAUUU 




i ia art & axr rr i irtaTtaa^ 


17 


aanaann rr ^anaaitn 


51 




5^ 


VoAUAAJbU A U-AvJUUA 




UALAJAUU U AAAUUUA 




i^UttJJU A AAUUUAA 




^nrras^TT tt rrAs^r^n 


37 


f ii y H a ar tt i tt isrrt^cp 
UUAAAUU U AALuvJCC 


3fl 

JO* 


UAAAUUU A AIUVA.VU 




UUUAACU C U.UU>oU 




ACUCUUU U GGUUAGA 


tin 


uvuuuljU U AGAGAUG 


si 


V^ULAaoUU A GAGAUGG 


© / 


CAGCAAU U CAUUGAG 


oo 


AGCAADU C AUUGAGU 


*71 • 
/x 


aauOCaU U GAGUAUG 


/O 


AUUGAGU a UGAUAAA 


OX 


GUAUGAU a aaaguua 


o / 


uaAAAGu U AGAUUaC 


OO 


AAAAGUU A GADUACA 




GUUAGAU U ACAAAAU 




UUAGAUU A GAAAAU0 


100 


ACAAAAU 0 UGUDOGA 


101 


CAAAAUU U GUUUGAC 


104 


AADUUGU U UGACAAU 


105 


AUUUGUU U GACAAUG 


120 


ADGAAGU A GCAUUGU 


125 


GUAGCAU U G0UAAAA 


128 


GCAUUGU U AAAAAUA 


129 


CAUUGUU A AAAAUAA 


135 


UAAAAAU A ACADGCU 


143 


ACAUGCU A UAC0GAU 


145 


AUGCUAU A C0GAUAA 


151 


UACUGAU A AAUUAAU 


155 


GAUAAAU U AAUACAU 


156 


AUAAAUU A AUACAUU 


159 


AAUUAAU A CAUUUAA 


163 


AAUACAU U UAACUAA 


164 


AUACAUU U AACUAAC 





Target Sequence 


Position 


165 


f i a^*i r it if t % t< j" i ii i j-i^-i 
UnLAUOU A ACUAACG 


169 


UUUAACU A ACGCuUU 




UAACGCU U UGGCJAA 


^76 


AACowUU U GGCUAAG 


IS! 


uvjuv3sj>«u A AGGCAGU 


10,5 


CAGUGAU A CAUACAA 


196 


GAUACAU A CAAUCAA 


201 


AUACAAU c aaauuga 




ADCAAAU U GAAUGGC 


216 


AUGGCAU U GUAiUUG 




AuutjriAaU U UGUGCAU 


555 


UlkjO^uu U GUGCAUG 


53T 


UGCACGU U AUUACAA 


5*55 


GCADGUU A UUACAAG 




ADGUUAU U ACAAGUA 


ZJD 


UGUUAUU A CAAGUAG 


541 


UACAAGU A GCGAUAU 


<4 / 


UAG3SAU A UUUGCCC 


540 


GUX3AUAU U UGCCCUA 


2pu 


UGAUAUU U GCCCUAA 


XwO 


UUGCCCU A AUAAUAA 


"ICQ 


CCCUAAU A AUAAUAU. 


252 


UAAUAAU A AUAUUGU 


2 bo 


UAAUAAU A UUGUAGU 


^CT 

2o7 


AUAAUaU U GUAGUAA 




AUAUUGU A GUAAAAU 


273 


UUGUAGU A AAAUCCA 


278 


GUAAAAU C CAAUUUC 


283 


AUCCAAU U UCACAAC 


284 


CCCAAUU U CACAACA 


285 


CCAAUUU C ACAACAA 


300 


UGCCAGU A CUACAAA 


303 


CAGUACU A CAAAAUG 


316 


UGGAGGU U AUAUAUG 


317 


GGAGGUU A UAUAUGG 


319 


AGGUUAU A UAUGGGA 


321 


GUUAUAU A UGGGAAA 


338 


AUGGAAU U AACACAU 


339 


UGGAAUU A ACACAUU 


346 


AACACAU U GCUCUCA 
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350 CAJTOGCU C UCAACCU 

352 UUGCUCU C AACCOAA 

358 UCAACOT A ADGGOCU 

364 UAADGGU C UACOAGA 

366 ADGGOCU A CHAGATO 

369 OJCUACO A GADGACA 

379 DGACAAU U GOGAAAU 

387 GOGAAAD D AAADUCtJ 

388 UGAAADO A AADDCDC 

392 ADQAAAU U CDOCAAA 

393 UUAAADU C UCCAAAA 
395 AAADOCU C CAAAAAA 
405 AAAAAOJ A AGOGAUU 

412 AAGCGAD 0 CAACAAU 

413 AGOGADU C AACAACG 

427 GAOCAA0 D AQADGAA 

428 ACCAADD A UADGAAU 
430 CAADDAD A DGAADCA 
436 UADGAAU C AADUADC 

440 AADCAAU 0 ADaXSUL 

441 ADCAADU A UCOGAAU 
443 CAADUAU C UGAADUA 

449 UCOGAAU U ACODGGA 

450 CCGAADU A CUDGGAU 
453 AADUACU U GGADUUG 

458 CUOGGAU U UGAUCUU 

459 UCGGADU U GADCOUA 
463 ADUUGAU C UUAADCC 

465 UOGADCU U AADCCAU 

466 , UGAUCUU A AUCCADA 
469 UCUUAAD C CAUAAAU 
473 AADCCAU A AADUAUA 

477 CAUAAAU U AUAADUA 

478 ADAAAUU A UAADUAA 
480 AAAUUAU A ADUAAUA 

483 UUAUAAD U AAOAUCA 

484 UAUAADU A AUAUCAA 
487 AAUUAAU A UCAACOA 
489 UUAAUAU C AACOAGC 

. 494 AUCAACU A GCAAADC 

501 AGCAAAU C AADGOCA 

507 TCAADGU C ACUAACA 

511 UGUCACU A ACAGCAD 

519 ACACCAU U AGUDAAU 

520 CAOCADU A GOUAAUA 

523 CAUUAGU U AADADAA 

524 ADUAGUU A AEAEAAA 
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Table 34: RSV (1C) HH Ribozyme Sequence 



PCT/IB95/00156 



nt • EH Ribozyma Sequence 

Position 

10 AAAUUCU CUGAUGAGGCOGAAAGGCCGAA ADUUGCC 

16 CUUADCA CUGADGAGGCCGAAAGGCCGAA ADUCUCA 

17 ACUUADC CUGAIX3AGGCCGAAAGGCCGAA AADUCDU 
21 UGGUACU CCGAIXSAGGCCGAAAGGCCGAA AJDCAAAD 
25 UAAGUGG (XGAD3AGGCCGAAAGGCCGAA ACUUADC 

31 . UAAADUU OX^UGAGGCCGAAAGGCX2SAA AG U GG U A 

32 UUAAADU CUGADGAGGCCGAAAGGCCGAA AAGUGGU 

36 GGAGUUA CUGATOAGGCCGAAAGGCCGAA ADUUAAG 

37 GGGAGUU CUGADGAGGCCGAAAGGCCGAA AADUUAA 

38 AGGGAGU CCGADGAGGCCGAAAGGCCGAA AAADUUA 
42 ACCAAGG CUGAIX3AGGGCGAAAGGCCGAA AGUUAAA 
46 UCOAACC CDGAUGAGGCOGAAAGGCOGAA AGGGAGU 

50 CADCUCU CUGADGAGGCCGAAAGGCCGAA ACCVAGG 

51 CCA0COC CUGADGAGGCCGAAAGGCCGAA AACCAAG 

67 CUCAADG CUGAUGAGGCOGAAAGGCCGAA ADUGCUG 

68 ACUCAAU CUGADGAGGCCGAAAGGCOGAA AADUGCU 
71 CADACUC CUGADGAGGOOGAAAGGCCGAA ADGAADU 
76 UUUAPCA CUGADGAGGCOGAAAGGCOGAA ACDCAAD 
81 UAACUUU CUGADGAGGCCGAAAGGCCGAA ADCADAC 

87 CTAADCU CUGADGAGGCCGAAAGGCCGAA AOAJUUA 

88 UGUAAUC CUGADGAGGCCGAAAGGCCGAA AACUUUU 

92 AUUUUGU CUGADGAGGCCGAAAGGCCGAA AUCUAAC 

93 AADUCUG CUGADGAGGCCGAAAGGCCGAA AADCUAA 

100 UCAAACA CUGADGAGGCCGAAAGGCCGAA AUUUUGU 

101 GUCAAAC CUGADGAGGCCGAAAGGCCGAA AADUUUG 

104 ADUGUCA CUGADGAGGCCGAAAGGCCGAA ACAAADU 

105 CADUGUC CUGADGAGGCCGAAAGGCCGAA AACAAAU 
120 ACAADGC CUGADGAGGCCGAAAGGCCGAA ACUUCAU 
125 UUUUAAC CUGADGAGGCCGAAAGGCCGAA ADGCUAC 

128 UADUUUU CUGADGAGGCCGAAAGGCCGAA ACAADGC 

129 UUADUUU CUGADGAGGCCGAAAGGCCGAA AACAAUG 
135 AGCAUGU CUGADGAGGCCGAAAGGCCGAA ADUUUUA 
143 ADCAGUA CUGADGAGGCCGAAAGGCCGAA AGCAUGU 
.145 UOADCAG CUGADGAGGCCGAAAGGCCGAA ADAGCAU 
151 AUUAADU CUGADGAGGCCGAAAGGCCGAA ADCAGUA 

155 A DGOAD U CUGADGAGGCCGAAAGGCCGAA ADUUADC 

156 AADGUAD CUGAUGAGGCOGAAAGGCCGAA AAUUUAU 
159 UUAAADG CUGAUGAGGCOGAAAGGCCGAA ADUAADU 

153 UOAGUUA CUGADGAGGCCGAAAGGCCGAA ADGUADU 

154 OTUAGUU CUGAUGAGGCOGAAAGGCCGAA AADGUAD 

155 CGUUAGU CUGAUGAGGCOGAAAGGCCGAA AAADGUA 
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AAAGCGD CDGADGAGGCCGAAAGGCCGAA AGDOAAA 
DUAGCCA CDGADGAGGCCGAAAGGCCGAA AGCGUUA 
CDOAGCC CDGADGAGGCCGAAAGGCCGAA AAGCGUU 
A^^U CDGADGAGGCCGAAAGGCCGAA AGCCAAA 
UDGOADG CDGADGAGGCCGAAAGGCTGAA ADCACOG 
OTGADOG OJGADGAGGCCGAAAGGCCGAA ADGQAUC 
OCAADDU CDGADGAGGCCGAAAGGCCGAA ADOGOAD 
GCCADOC CDGADGAGGCCGAAAGGCCGAA ADOOGAU 
CAAACAC CDGAD3AGGCCGAAAGGCCGAA ADGCCAU 
ADGCACA CDGADGAGGCCGAAAGGCCGAA ACACAAtJ 
CADGC AC CDGADGAGGCCGAAAGGCCGAA AACACAA 
UUjUAA U CDGADGAGGCCGAAAGGCCGAA ACADGCA 
CUUmAA CDGADGAGGCCGAAAGGCCGAA AACADGC 
qaCTOOT CDGADGAGGCCGAAAGGCCGAA ADAACAU 
CDACDDG CDGADGAGGCCGAAAGGCCGAA AADAACA 
APAOCAC CDGADGAGGCCGAAAGGCCGAA ACDDGDA 
GGGCAAA CDGADGAGGCCGAAAGGCCGAA ADCACUA 
TOGGGCA CDGADGAGGCCGAAAGGCCGAA ADADCAC 
TOAGGGC GDGADSAGGCCGAAAGGCCGAA AADADCA 
UOauuaU O3GAXX33UX»3GAAAGGC0GAA AGGGCAA 

ahaddad cdgadgaggccgaaaggccgaa adoaggg 

ACAAOAD CDGADGAGGCCGAAAGGCCGAA AUUADDA 
ACOACAA CDGADGAGGCCGAAAGGCCGAA ADDADUA 
CDGADGAGGCCGAAAGGCCGAA AOADDAD 
ADDDDAC CDGADGAGGCCGAAAGGCCGAA ACAADAU 
GGGADDU CDGADGAGGCCGAAAGGCCGAA ACUACAA 
GAAMOG CDGADGAGGCCGAAAGGCCGAA ADDDDAC 
CDGADGAGGCCGAAAGGCCGAA ADDGGAD 
CDGADGAGGCCGAAAGGCCGAA AADDGGA 
U^^D COGAD3AGGCCGAAAGGCCGAA AAADDGG 
Uuu^uaG CDGA DGAGGCCGAAAGGCCGAA ACDGGCA 
CA&DUDG CDGADGAGGCCGAAAGGCCGAA AGDACDG 
CADADA0- CDGADGAGGCCGAAAGGCCGAA ACCDCCA 
CCADAOA CDGA DGAGGCCGAAAGGCCGAA AACCDCC 
tfCCCADA CDGADGAGGCCGAAAGGCCGAA AQAACCD 
U , U ° ! Xai CDGADGAGGCCGAAAGGCCGAA ADADAAC 
AUjUjUU CDGADGAGGCCGAAAGGCCGAA ADDCCAU 
CDGADGAGGCCGAAAGGCCGAA AADUCCA 
IX ^ GAGC CDGAIS3AGGCXX3UUU3GCCGAA ADGOGDD 
AGGDTOA CTGAIXaAGGCCGAAAGGCCGAA AGCAADG 
SDAGGDU CDGADGAGGCCGAAAGGCCGAA AGAGCAA 
AGACCAU CDGAU3AGGCCGAAAGGCCGAA AGGDDGA 
ECUAGDA CDGADGAGGCCGAAAGGCCGAA ACCADDA 
CADCUAG CDGADGAGGCCGAAAGGCCGAA AGACCA0 
OGOCADC CDGADGAGGCCGAAAGGCCGAA AGDAGAC 
ADOOCAC CDGADGAGGCCGAAAGGCCGAA ADDGDCA 
AGAADDD CDGADGAGGCCGAAAGGCCGAA ADDDCAC 
GAGAADD CDGADGAGGCCGAAAGGCCGAA AADDDCA 
Dt3UGGAG CDGADGAGGCCGAAAGGCCGAA ADDDAAU 
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UuuiXiGA CUGADGAGGCCGAAAGGCCGAA AADDUAA 
uuuuuuti CTOADGAGGCCGAAAGGCCGAA AGAADUU 
AA^CU CDGADGAGGCCGAAAGGCCGAA AG UUUUU 
AUUiUUG aJGAtEAGGCCGAAAGGCCGAA ADCACOU 
CADOGUU CDGADGAGGCCGAAAGGCCGAA AADCACU 
TOCADAU CUGADGAGGCCGAAAGGCCGAA ADUGGOC 
ADUCADA CUGADGAGGCCGAAAGGCCGAA AADUGGU 
UGADUCA CDGADGAGGCCGAAAGGCCGAA ADAADDG 
GADAADU CUGADGAGGCCGAAAGGCCGAA ADUCADA 
UDCAGAU CUGADGAGGCCGAAAGGCCGAA AUUGADD 
ADDCAGA CUGADGAGGCCGAAAGGCCGAA AADUGAD 
OAADUCA CUGADGAGGCCGAAAGGCCGAA ADAADDG 
OCCAAGU CDGADGAGGCCGAAAGGCCGAA ADDCAGA 
ADCCAAG CDGADGAGGCCGAAAGGCCGAA AADDCAG 
CAAADCC CDGADGAGGCCGAAAGGCCGAA AGUAAUD 
AAGADCA CDGADGAGGCCGAAAGGCCGAA ADCCAAG 
OAAGABC CDGADGAGGCCGAAAGGCCGAA AAOCCAA 
GGADOAA CDGADGAGGCCGAAAGGCCGAA ADCAAAD 
ADGGADU CDGADGAGGCCGAAAGGCCGAA AGADCAA 
tIADGGAD CDGADGAGGCCGAAAGGCCGAA AAGADCA 
ADOOADG CDGADGAGGCCGAAAGGCCGAA ADDAAGA 
EADAADU CUGAUGAGGCCGAAAGGCCGAA ADGGADU 
EAADUAU CDGADGAGGCCGAAAGGCCGAA ADUOADG 
OTAAEOA CUGADGAGGCCGAAAGGCCGAA AADUDAD 
EADUAAD CUGADGAGGCCGAAAGGCCGAA ADAADDU 
CGADAUU CDGADGAGGCCGAAAGGCCGAA ADDAUAA 
0D3ADAU CDGADGAGGCCGAAAGGCCGAA AADOADA 
SAGDDGA CUGADGAGGCCGAAAGGCCGAA ADUAAUU 
GCOAGOU CUGADGAGGCCGAAAGGCCGAA ADADUAA 
GADUUGC CUGADGAGGCCGAAAGGCCGAA AGUDGA0 
JXSACADU CUGAUGAGGCCGAAAGGCCGAA ADDOGCU 
CUGADGAGGCCGAAAGGCCGAA ACADUGA 
AD3GUGU CUGADGAGGCCGAAAGGCCGAA AGOGACA 
ADUAACD CUGADGAGGCCGAAAGGCCGAA ADGGUGD 
TODOAAC CDGADGAGGCCGAAAGGCCGAA AAUGGOG 
UOMADU CDGADGAGGCCGAAAGGCCGAA ACUAATO 
TOUADAU CDGADGAGGCCGAAAGGCCGAA AACDAAD 
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nt . 


HH Target Sequence 


nt . 


Position 




Position 


9 


GGCAAAU A CAAAGAU 


217 


21 


GADGGCD C UUAGCAA 


218 


23 


UGGCOCU U AGCAAAG 


220 


24 


GGCJCUU A GCAAAGU 


229 


32 


GCAAAGU C AAGUUGA 


231 


37 


GUCAAGU 0 GAAJDGAU 


235 


45 


GAADGAU A CACOCAA 


236 


50 


AUACACU C AACAAAG 


254 


60 


CAAAGAU C AACUUCU 


260 


65 


ADCAACU U CUGUCAU 


263 


66 


UCAACUU C UGUCAUC 


277 


70 


cuucasa c auccagc 


279 


•73 


CUGUCAU C CAGCAAA 


284 


82 


AGCAAAD A CACCAUC 


299 


89 


ACACCAU C CAACGGA 


305 


108 


AGGAGAU A GUAUUGA 


315 


111 


AGAEAGU A U0GABAC 


318 


113 


AUAGOAU U GAUACUC 


326 


117 


UAUUGAU A CUCCUAA 


327 


120 


UGAUACU C CUAABUA 


346 


123 


uacucco a auuadga 


347 


126 


UCCUAAU U ADGADGU 


355 


127 


CCUAADU A DGADGDG 


356 


146 


AACACAU C AAUAAGU 


361 


150 


CAUCAAU A AGUUAUG 


370 


154 


AADAAGU V AUGOGGC 


371 


155 


AUAAGUU A UGUGGCA 


383 


166 


GGCAUGU U ABUAAUC 


384 


167 


GCADGDU A UUAABCA 


389 


169 


ADGUUAU U AAOCACA 


395 


170 


UGUUAUU A ADCACAG 


401 


173 


UADUAAU C ACAGAAG 


406 


186 


AGAUGCU A A0CADAA 


408 


189 


UGCUAAU C AUAAAUU 


415 


192 


UAADCAU A AADDCAC 


418 


196 


CAUAAAU U CACUGGG 


431 


197 


AUAAAUU C ACUGGGD 


449 


205 


ACUGGGU O AAI2AGG0 


4S3 


206 


CUGGGUU A AUAGGUA 


460 


209 


GGUUAAU A GGUAUGU 


472 


213 


AADAGGU A UGUUAUA 


474 



HH Target Sequence 



GGUAUGU a ADADGCG 
GUAEGUU A UAEGCGA 
ADGDUAtr A CGCGADG 
GCGAEGU C CAGGUUA 
GAUGUCU A GGUUAGG 
UCUAGGU a AGGAAGA 
CUAGGUU A GGAAGAG 
ACACCAU A AAAAUAC 
UAAAAH7 A CUCAGAG 
AAADACU C AGAGAUG 
C-CGGGAU A UCAUGUA 
GGGAUAU C ADGUAAA 
•AUCAUGU A AAAGCAA 
AUGGAGU A GADGUAA 
UAGADGU A ACAACAC 
AACACAU C GUCAAGA 
ACAUCGU C AAGACAU 
AAGACAU U AACGGAA 
AGACADU A ACGGAAA 
AUGAAAU U CGAAGUG 
CGAAAUU U GAAGOGU 
GAAGUGU U AACAUUG 
AAGUGUU A ACAUUGG 
UUAACAU U GGCAAGC 
GCAAGCa U AACAACU 
CAAGCDU A ACAACUG 
CDGAAAD U CAAADCA 
UGAAADU C AAADCAA 
UUCAAAU C AACAUCG 
UCAACAU U GAGAHAG 
UUGAGAU A GAADCUA 
AUAGAAU C UAGAAAA 
AGAADCU A GAAAAUC 
AGAAAA0 C CUACAAA 
AAADCCU A CAAAAAA 
AAADGCU A AAAGAAA 
GAGAGGU A GCCCCAG 
GGUAGCU C CAGAAUA 
CCAGAAU A CAGGCAU 
CADGACU C UCCGGAU 
UGACUCU C CUGAUUG 
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a on 
■480 


uuxibAU' U GUGGGAU 


696 


A Q1 

491 


GGAUGAD A ADADUAU 


698 


A Q A 

494 


OaAHAAU A UUADGUA 


706 


496 


AUAADAU U ADGUAUA 


708 




uAAuTuJU a uguadag 


709 


OQX 


ADUADGU A UAGCAGC 


711 




UAUGUAU A GCAGCAD 


726 


e.1 1 
Jll 


GCAGCAD 0 AGUAA0A 


731 




CAGCAUU A GUAADAA 


740 




wUJUAJoU A AuAACUA 


741 


CI Q 


UAwUAAU A ALUAAAU 


742 




AAUAAJwU A AAUUAGC 


743 




AUUAAAU U /uawtGCA 


751 


JX / 


^^r^^ ^ h^itt % ^^^^^^^^^^^^ 


.754 




vatU-ALaAU C UVjOUKJUU. 


755 


WW 


ittJUXMu \- UUAGAGC 


756 


JJl 


UJWaiAAJ U ACrfiGCCG 


766 


JJX 


UWoAJCUU A CAGCCGU 


787 


OOJ 


CCGUGAU 0 AGGAGAG 


788 




CG0GADU A GGAGAGC 


800 


C"T"3 


GAGAGCu A AUAADGU 


802 


3 / O 


AGCUAAU A Auwju."U 


803 


581 


A0AA0SU C CUAAAAA 


811 


CO 4 

584 


ADGUCCU A AAAAADG 


815 


oOJ 


GAAACGU 0 ACAAAGG 


816 


oQ4 


AAAOG00 A CAAAGGC 


822 


613 


AAAGGC0 0 ACUACCC 


824 


0X4 


AAGGC00 A CQA00CA 


825 


OX / 


GCUDAGJ A CCCAAGG 


829 


029 


AGGACA0 A GCCAACA 


830 


o4U 


AACAGCU 0 CUAUGAA 


840 


641 


ACAGCO0 C UADGAAG 


. 866 


o43 


AGCUDCU A 0GAAG0G 


869 


052 


GAAG0GD 0 0GAAAAA 


875 


CM 
033 


AAGDG00 0 GAAAAAC 


876 


663 


AAAACA0 C CCCAC00 


877 


670 


CCCGAC0 0 UADAGAU 


883 


671 


CCCAC0U 0 AUAGADG 


895 


672 


CCAC000 A UAGADGU 


913 


674 


ACUUUAU A GADGUUU 


914 


680 


UAGADGU 0 UUUGUUC ■ 


916 


box 


AGADGO0 0 UUUUUCA 


921 


€82 


GADGDDU 0 UUJUCAU 


923 


683 


ADG000U 0 G00CA00 


925 


686 


D00ODGO 0 CADUDDG 


943 


687 


00O0G00 C A00O0GG 


946 


690 


UGUUCAU 0 00GGQA0 


947 


691 


G00CAD0 0 DGGUADA 


949 


692 


DDCADDU 0 GG0AX3AG. 


950 



UUUUGGU A UAGCACA 
UDGGUAU A GCACAAD 
GCACAAU C 00CUACC 
ACAADCtJ 0 CUACCAG 
CAADCDU C UACCAGA 
AUCDUCU A CCAGAGG 
DGGCAGO A GAGUDGA 
GUAGAGU 0 GAAGGGA 
AAGGGAD 0 0DUGCAG 
AGGGAUU 0 UDGCAGG 
GGGADUU 0 0GCAGGA 
GGALIUUU 0 GCAGGA0 
GCAGGAU 0 G 0ODA DG 
GGADUGU 0 0ADGAA0 
GALIUGUU 0 ADGAADG 
ADUGUUU A OGAADGC 
AXDQCC0 A 0GG0GCA 
OTGADG0 0 ACGGCGG 
OGADGDU A OGG OG G G 
GGGGAGU C 0UAGCAA 
GGAGUCU 0 AGCAAAA 
GAGOCO0 A GCAAAAU 
GCAAAAU C AGUOAAA 
AADCAGU 0 AAAAADA 
AUCAGDU A AAAAUAU 
0AAAAAU A UUAUGUU 
AAAADAU 0 ADGUUAG 
AAA0AD0 A UGUUA GG 
ADUADGU 0 AGGACA0 
0UADG00 A GSACAUG 
ACADGCU A GCG0GCA 
AACAAGU U G00GAGG 
AAGUUG0 0 GAGG000 
0OGAGG0 0 0ADGAA0 
0GAGG00 0 ACGAAUA 
GAGGUUU A UGAADAU 
UADGAA0 A 0GOCCAA 
CAAAAA0 0 GGGOGG0 
GCAGGAU 0 CUACCAU 
CAGGAUU C UACCADA 
GGADUCU A CCAUADA 
CUACCAU A UAUUGAA 
ACCAUAU A 00GAACA 
CAUAUAU 0 GAACAAC 
AAAGCAU C ADUAUUA 
GCAUCAU U AUUAUCU 
CADCAUU A UUADCUU 
UCAUUAU 0 AUCUUUG 
CAUUAUU A UCUUUGA 
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952 


UUAUUAU C DDUGACU 


954 


ADOADCU U UGACUCA 


955 


UQ3VX3CDD 0 GACUCAA 


960 


UUCGACU C AADUCCC 


964 


ACUCAAU U UCCUCAC 


965 


CUCAADU U CCUCACU 


966 


CCAADUa C CDCACOU 


969 


AUUUCCU C AOKJCOC 


973 


ccucacu u ccccAGa 


974 


CUCACUU C UCCAGGG 


976 


CACUOCO C CAGOGUA 


983 


CCAGOGU A GUAUUAG 


986 


. GUGOAGU A DUAGGCA 


988 


GUAGOAU U AGGCAAa 


989 


UAGUAUU A GGCAADG 


1007 


COGGCCU A GGCADAA 


1013 


UAGGCAIJ A ABGGGAG 


1024 


GGAGAGU A CAGAGGU 


1032 


CAGAGGU A CACCGAG 


1044 


GAGGAAU C AAGAUCU 


1050 


DCAAGMJ C UADADGA 


1052 


AAGADCU A UADGADG 


1054 


GADCDM7 A UGADGCA 


1072 


AAGGCAU A DGCDGAA 


1085 


AACAACa C AAAGAAA 


1103 


GOGUGAtJ U AACOACA 


1104 


UGOGADU A ACQACAG 


1108 


ADUAACU A CAGUGUA 


1115 


ACAGUGU A CDAGACU 


1118 


GOGOACa A GACUUGA 


1123 


CUAGACU U GACAGCA 


113*9 


AAGAACO A GAGGCUA 


1146 


AGAGGCU A DCAAACA 


1148 


AGGCUAU C AAACADC 


1155 


CAAACAU C AGCUDAA 


1160 


ADCAGCa XT AABCCAA 


1161 


UCAGCOU A ADCCAAA 


1164 


GCUUAAU C CAAAAGA 


1173 


AAAAGAU A ADGADGU 


1181 


AOGAUGU A GAGCUUU 


1187 


UAGAGOT 0 UGAGDUA 


1188 


AGAGCOU U GAGUUAA 


1193 


UUUGAGU U AAUAAAA 


1194 


UUGAGOU A AEAAAAA 
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Table 36: RSV (N) HH Ribozyme Sequence 



at . HH Ribozyme Sequence 

Position 

9 ADCUUUG CDGADGAGGCCGAAAGGCCGAA ADDUGCC 

21 UCGCUAA CXJGADGAGGCCGAAAGGCCGAA AGCCACC 

23 CUUUGCU CUGADGAGGCCGAAAGGCCGAA AGAGCCA 

24 ACUUUGC CUGADGAGGCCGAAAGGCCGAA AAGAGCC 
32 UCAACUU CUGADGAGGCCGAAAGGCCGAA A CUUUG C 
37 ADCADUC CUGADGAGGCCGAAAGGCCGAA ACUUGAC 
45 UUGAGUG CUGADGAGGCCGAAAGGCCGAA ADCADUC 
50 CUUUGUU CUGADGAGGCCGAAAGGCCGAA AGUGOAU 
60 AGAAGUU CUGADGAGGCCGAAAGGCCGAA ADCUUUG 

65 ADGACAG CUGADGAGGCCGAAAGGCCGAA AGUUGAD 

66 GADGACA CUGADGAGGCCGAAAGGCCGAA AAGUUGA 
70 GCUGGAD CUGADGAGGCCGAAAGGCCGAA ACAGAAG 
73 UUUGCUG CUGADGAGGCCGAAAGGCCGAA ADGACAG 
82 GADGGUG CUGADGAGGCCGAAAGGCCGAA ADUUGCU 
89 UCCGUUG CUGAUGAGGCCGAAAGGCCGAA ADGGUGD 
108 DCAADAC CUGADGAGGCCGAAAGGCCGAA ADCUCCU 
HI GUADCAA CUGADGAGGCCGAAAGGCCGAA AOJAUCJ 
113 GAGUADC CUGADGAGGCCGAAAGGCCGAA ADACUAU 
117 UOAGGAG CUGADGAGGCCGAAAGGCCGAA ADCAADA 
120 UAADUAG CUGADGAGGCCGAAAGGCCGAA AGUADCA 
123 DCADAAD CUGADGAGGCCGAAAGGCCGAA AGGAGUA 

126 ACADCAU CUGADGAGGCCGAAAGGCCGAA ADUAGGA 

127 CACADCA CUGADGAGGCCGAAAGGCCGAA AADUAGG 
146 ACUUAUU CUGAUGAGGCCGAAAGGCCGAA ADGUGUU 
150 CADAACU CUGADGAGGCCGAAAGGCCGAA ADDGADG 

154 GCCACAD CUGADGAGGCCGAAAGGCCGAA ACUDADU 

155 DGCCACA CUGADGAGGCCGAAAGGCCGAA AACUUAD 

166 GADUAAD CUGADGAGGCCGAAAGGCCGAA ACADGCC 

167 UGADOAA CDGAD3AGGCCGAAAGGCCGAA AACADGC 

169 DGUGADU CUGADGAGGCCGAAAGGCCGAA ADAACAU 

170 CUGUGAU CUGADGAGGCCGAAAGGCCGAA AADAACA 
173 CUUCUGU CUGADGAGGCCGAAAGGCCGAA ADDAADA 
186 UUADGAD CUGADGAGGCCGAAAGGCCGAA AGCAUCU 
189 AADUUAD CUGADGAGGCCGAAAGGCCGAA ADUAGCA 
192 GUGAADU CUGADGAGGCCGAAAGGCCGAA ADGADUA 

196 CCCAGUG CUGADGAGGCCGAAAGGCCGAA ADUUADG 

197 ACCCAGU CUGADGAGGCCGAAAGGCCGAA AADUUAD 

205 ACCOADU CUGADGAGGCCGAAAGGCCGAA ACCCAGU 

206 UACCUAD CUGADGAGGCCGAAAGGCCGAA AACCCAG 
209 ACAUACC CUGADGAGGCCGAAAGGCCGAA ADCAACC 
213 DADAACA CUGADGAGGCCGAAAGGCCGAA ACCUADU 
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217 CGCADAD CTK3ADGAGGCOGAAAGGCOGAA ACADACC 

218 DCGCADA CUGADGAGGCCGAAAGGCCGAA AACADAC 
220 CADCGCA CTGADGAGGCCGAAAGGCCGAA AOAACAU 
229 UAACCOA C0GADSAGGO22AAAGGCCGAA ACADCGC 
231 CCDAACC COGADSAGGCCGAAAGGCCGAA AGACADC 

235 UUJUajU CUGADGAGGCCGAAAGGCCGAA ACCUAGA 

236 COCOOCC CCGMXSAGGCOGAAAGGCCGAA AACCOAG 
254 VxUftuu uu COGATOAGGCCGAAAGGCOGAA ADGGOGU 
260 COCPGAG CUGADGAGGCCGAAAGGCCGAA AUU U UUA 
263 CADCOCD aXSUXSAGGCCGUUUSGCCGAA AGUADUU 
277 UACADGA OTGATOAGGCCGAAAGGCCGAA ADCCCGC 
279 DOOACAP COGA03AGGCOGAAAGGCOGAA ADADCCC 
284 UDGCOOU CDGADGAGGCOGAAAGGCOGAA ACADGAD 
299 OUACADC COGADGAGGCCGAAAGGCCGAA ACOCCAD 
305 GUmuw COGADGAGGCCGAAAGGCCGAA ACADCDA 
315 CCOOGAC COGAIXSAGGCCGAAAGGCCGAA ADGOGOD 
318 ADGOCOU C0GAD3AGGCCGAAAGGGOGAA ACGADOT 

326 DOCCAP P COGAIX3AGGOOGAAAGCXOGAA AD GUCUU 

327 P OUCCAP CDGADGAGGCOGAAAGGCOGAA AADGOCD 

346 CA COOCA CDSAIX^GGCOGAAAGGCOGAA ADOOCAD 

347 ACACODC COTADGAGGCOGAAAGGCOGAA AADUUCA 

355 CAADGOO CDGADGAGGCOGAAAGGCOGAA ACACODC 

356 CCAADGD CDGAD3AGGOOGAAAGGCOGAA AACACOU 
361 GCDOGCC CDGADGAGGCOGAAAGGCOGAA ADGUOAA 

370 AGODGOD C0GAD3AGGCOGAAAGGCOGAA AGCOOGC 

371 CACTOCT CDGADGAGGCOGAAAGGCOGAA AAGCOOG 

383 OGADDTO QJGADSAGGCOGAAAGGCOGAA ADDUCAG 

384 OOGAPOP CDGAK3ACGCCGAAAGGCCGAA AADOOCA 
389 CAADGOQ CDGADGAGGCOGAAAGGCOGAA ADODGAA 
395 COADCDC COGADGAGGCCGAAAGGCOGAA ADGDOGA 
401 OAGADOC COGAUGAGGCOGAAAGGOOGAA ADCOCAA 
406 UUUUCUA CDGADGAGGCOGAAAGGCOGAA ADOCUAO 
408 GADOOQ C COGADGAGGCOGAAAGGCCGAA AGADOCO 
415 UuuwflG COGADGAGGOOGAAAGGOOGAA ADUUDCU 
418 uuuuumi OJGATCAGGCCGAAAGGCCGAA AGGADOO 
431 uuucuuu OTGADGAGGCGGAAAGGOOGAA AGCAUUU 
449 OTSGAGC COGADGAGGOOGAAAGGOOGAA ACCOCOC 
453 OAUUtaxi CDGADGAGGCOGAAAGGCOGAA AGCDACC 
460 AD3CCD3 CDGADGAGGCOGAAAGGCOGAA ADDCUGG 
472 ADCAGGA CDGADSAGGCOGAAAGQOCGAA AGDCADG 
474 CAADCAG aXSADGAGGOSUU^CXXXSAA AGAGDCA 
480 ADCCCAC COGADGAGGOOGAAAGGOOGAA ADCAGGA 
491 ADAADAD COGAD3AGGCCGAAAGGCCGAA ADCADCC 
494 OACADAA CDGADGAGGCOGAAAGGCOGAA ADUADCA 

496 UADACAD CDGADGAGGCOGAAAGGCOGAA ADADUAD 

497 COADACA COGADSAGGCCGAAAGGCCGAA AAPADDA 
501 GCOGCOA COGADGAGGOOGAAAGGCCGAA ACADAAD* 
503 ADGOTC^ .CDGADGAGCXrGAAAGGCa^ ADACADA 
oil DADDACD COGADGAGGCCGAAAGGCCGAA ADGCDGC 
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512 UUAUUAC CUGADGAGGCCGAAAGGCCGAA AADGCUG 

515 DAGUOAD CUGADGAGGC03AAAGGCCGAA ACUAADG 

518 AUUUAGU CDGADGAGGCXXAAAGGttXAA ADUACUA 

S22 GCOAAUU COGADGAGGCCGAAAGGCCGAA AGUUAUU 

526 UGCUGCU COGADGAGGCCGAAAGGCCGAA ADUUAGU 

527 CD3CUGC CUGADSAGGCCGAAAGGCCGAA AADUUAG 
544 AAGACCA CUGAD3AGGCCGAAAGGCCGAA AUCUGUC 

. 549 GCOGUAA -CUGADGAGGCCGAAAGGCCGAA ACCAGAU 

551 CGGCUGU COGADGAGGCCGAAAGGCCGAA AGACCAG 

552 ACGGCOG COGADGAGGCCGAAAGGCCGAA AAGACCA 

563 CUCUCCU CUGADGAGGCCGAAAGGCCGAA AUCACGG 

564 GCUCUCC CUGADGAGGCCGAAAGGCCGAA AADCACG 
. 573 ACADUAD CUGADGAGGCCGAAAGGCCGAA AGCUCUC 

576 AGGACAU CUGADGAGGCCGAAAGGCCGAA ADUAGCU 

581 OUUUUAG COGADGAGGCCGAAAGGCCGAA ACAUUAU 

584 CADUUUU COGADGAGGCCGAAAGGCCGAA AGGACAU 

603 CCUUUGU COGADGAGGCCGAAAGGCCGAA ACGUOCC 

604 GCCDUUG CUGADGAGGCCGAAAGGCCGAA AACGUUU 

613 GGGUAGU COGADGAGGCCGAAAGGCCGAA AGCCUUU 

614 TOGOTAG COGADGAGGCCGAAAGGCCGAA AAGCCUU 
617 CCOOGGG COGADGAGGCCGAAAGGCCGAA AGUAAGC 
629 DGOOGGC COGADGAGGCCGAAAGGCCGAA ADGOCCU 

640 DUCADAG CUGADGAGGCCGAAAGGCCGAA AGCOGOU 

641 CUUCADA COGADGAGGCCGAAAGGCCGAA AAGCUGU 
fi 43 CACUUCA CUGADGAGGCCGAAAGGCCGAA AGAAGCU 

652 UUUUUCA COGA03AGGCCGAAAGGCCGAA ACACOUC 

653 GOOOOOC COGADGAGGCCGAAAGGCCGAA AACACUU 
663 AAGOGGG COGADGAGGCCGAAAGGCCGAA AUGUUUU 

670 ADCUADA CUGADGAGGCCGAAAGGCCGAA AGUGGGG 

671 CADCUAU CUGADGAGGCCGAAAGGCCGAA AAGOGGG 

672 ACADCUA COGADGAGGCCGAAAGGCCGAA AAAGUGG 
674 AAACADC CUGADGAGGCCGAAAGGCCGAA AHAAAGU 

680 GAACAAA COGADGAGGCCGAAAGGCCGAA ACAUCUA 

681 OGAACAA COGADGAGGCCGAAAGGCCGAA AACADCU 

682 ADGAACA CUGADGAGGCCGAAAGGCCGAA AAACADC 

683 AADGAAC COGADGAGGCCGAAAGGCCGAA AAAACAD 

686 CAAAADG COGADGAGGCCGAAAGGCCGAA ACAAAAA 

687 CCAAAAU COGADGAGGCCGAAAGGCCGAA AACAAAA 

690 AUACCAA CUGADGAGGCCGAAAGGCCGAA ADGAACA 

691 CADACCA CUGADGAGGCCGAAAGGCCGAA AADGAAC 

692 CQAOACC CUGADGAGGCCGAAAGGCCGAA AAADGAA 
696 PGOGCOA COGADGAGGCCGAAAGGCCGAA ACCAAAA 
698 ADOGD3C COGADGAGGCCGAAAGGCCGAA ADACCAA 
706 GGUAGAA CDGADGAGGGOGAAAGGCCGAA ADUGOGC 

708 CUGGUAG CUGADGAGGCCGAAAGGCCGAA AGADOGU 

709 OCOGGOA CD3ADGAGGCCGAAAGGCCGAA AAGADOG 
711 CCUCUGG CUGADGAGGCCGAAAGGCCGAA AGAAGAD 
726 UCAACUC. COGADGAGGCCGAAAGGCCGAA ACDGCCA 
731 UCCCUUC COGADGAGGCCGAAAGGCCGAA ACUCUAC 
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740 CTCCAAA CDGADGAGGCCGAAAGGCCGAA ADCCCUU 

741 CCOGCAA CDGADGAGGCCGAAAGGCCGAA AADCCCU 
7 ^2 DCCOGCA CTGADGAGGCXGAAAGGCCGAA AAADCCC 
743 ADCCDGC CDGADGAGGCCGAAAGGCCGAA AAAADCC 
751 CADAAAC CDGADGAGGCCGAAAGGCCGAA ADCCDGC 
754 ADDCADA CDGADGAGGCCGAAAGGCCGAA ACAADCC 
? 55 CADDCAD CDGADGAGGCCGAAAGGCCGAA AACAADC 
756 GCADDCA CDGADGAGGCCGAAAGGCCGAA AAACAAD 
766 OGCACCA CDGADGAGGCCGAAAGGCCGAA AGGCADD 

787 CCACCGU CDGADGAGGCCGAAAGGCCGAA ACADCAC 

788 CCCACCG CDGADGAGGCCGAAAGGCCGAA AACADCA 
800 DOSCDAA CDGADGAGGCCGAAAGGCCGAA ACDCCCC 

802 DDDDGCD CDGADGAGGCCGAAAGGCCGAA AGACDCC 

803 ADDDDGC CDGADGAGGCCGAAAGGCCGAA AAGACUC 
811 DDDAACD CDGADGAGGCCGAAAGGCCGAA ADDDDGC 

815 UADDDDD CDGADGAGGCCGAAAGGCCGAA ACDGADU 

816 ADADODD CDGA03AGGCCGAAAGGCCGAA AACDGAU 
822 AACADAA CDGADGAGGCCGAAAGGCCGAA ADDODDA 

824 CDAACAD CDGADGAGGCCGAAAGGCCGAA ADADDDD 

825 CCDAACA CDGADSAGGCCGAAAGGCCGAA AADADDD 

829 ADGDCCD CDGADGAGGCCGAAAGGCCGAA ACADAAU 

830 CADGOCC CDGADGAGGCCGAAAGGCCGAA AACADAA 
840 TCCACAC CDGADGAGGCCGAAAGGCCGAA AGCADGU 
866 CCDCAAC CXGADGAGGCOGAAAGGCGGAA ACDOGDD 
869 AAACCOC CDGADSAGGCCGAAAGGCCGAA ACAACDD 

875 ADDCADA CDGADGAGGCCGAAAGGCCGAA ACCDCAA 

876 DADOCA0 CDGADGAGGCCGAAAGGCCGAA AACCDCA 

877 ADADDCA CDGADGAGGCCGAAAGGCCGAA AAACCOC 
883 DDGGGCA CDGADGAGGCCGAAAGGCCGAA ADDCADA 
895 ACCACCC CDGADGAGGCCGAAAGGCCGAA ADDODDG 

913 ADGGUAG CDGADGAGGCCGAAAGGCCGAA ADCCDGC 

914 DADGGDA CDGADGAGGCCGAAAGGCCGAA AADCCDG 
916 PADADGG CDGADGAGGCCGAAAGGCCGAA AGAADCC 
921 DDCAA DA CDGADGAGGCCGAAAGGCCGAA ADGGUAG 
923 OGOOCAA CDGADGAGGCCGAAAGGCCGAA ADADGGD 
925 GODGODC CDGAIX3AGGCCGAAAGGCCGAA ADADADG 
943 DAADAAD CDGADGAGGCCGAAAGGCCGAA ADGCDDD 

946 AGADAAD CDGADGAGGCCGAAAGGCCGAA ADGADGC 

947 AAGADAA CDGADGAGGCCGAAAGGCCGAA AADGADG 

949 CAAAGAD CDGADGAGGCCGAAAGGCCGAA ADAADGA 

950 DCAAAGA CDGADGAGGCCGAAAGGCCGAA AADAADG 
952 AGDCAAA CDGADGAGGCCGAAAGGCCGAA ADAADAA 

954 DGAGOCA CDGADGAGGCCGAAAGGCCGAA AGADAAD 

955 ODGAGDC CDGADGAGGCCGAAAGGCCGAA AAGADAA 
960 GGAAADD CDGADGAGGCCGAAAGGCCGAA AGDCAAA 

964 GDGAGGA CDGADGAGGCCGAAAGGCCGAA ADDGAGU 

965 AGOGAGG CDGADGAGGCCGAAAGGCCGAA AADDGAG' 

966 AAGDGAG CUGADGAGGCCGAAAGGCCC3U AAADDGA 
969 GAGAAGD CDGADGAGGCCGAAAGGCCGAA AGGAAAU 
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ACUGGAG CUGADGAGGCCGAAAGGCCGAA AGUGAGG 
CACUGGA CUGADGAGGCCGAAAGGCCGAA AAGCGAG 
UACACUG CUGADGAGGCCGAAAGGCCGAA AGAAGUG 
CUAAUAC CUGADGAGGCCGAAAGGCCGAA ACACDGG 
UGCCUAA CUGADGAGGCCGAAAGGCCGAA ACUACAC 
AUUGCCU CUGADGAGGCCGAAAGGCCGAA ADACUAC 
CADDGCC CUGADGAGGCCGAAAGGCCGAA AADACUA 
UUADGCC CUGADGAGGCCGAAAGGCCGAA AGGCCAG 
CUCCCAU CUGADGAGGCCGAAAGGCCGAA ADGCCUA 
ACCUCUG CUGADGAGGCCGAAAGGCCGAA ACUCUCC 
CUCGGUG CUGADGAGGCCGAAAGGCCGAA ACCUCCG 
AGADCUU CUGADGAGGCCGAAAGGCCGAA ADDCCUC 
UCADADA CUGADGAGGCCGAAAGGCCGAA ADCUCGA 
CADCAUA CUGADGAGGCCGAAAGGCCGAA AGADCUU 
DGCADCA CUGADGAGGCCGAAAGGCCGAA ADAGADC 
DUCAGCA CUGADGAGGCCGAAAGGCCGAA ADGCC UU 
UUUCUUU CUGADGAGGCCGAAAGGCCGAA AGUUGCU 
UGOAGUU CUGADGAGGCCGAAAGGCCGAA ADCACAC 
CUGUAGU CUGADGAGGCCGAAAGGCCGAA AADCACA 
UACACUG CUGADGAGGCCGAAAGGCCGAA AGDUAATJ 
AGOCUAG CUGADGAGGCCGAAAGGCCGAA ACACUGU 
DCAAGUC CUGADGAGGCCGAAAGGCCGAA AGOACAC 
DGCUGUC CUGADGAGGCCGAAAGGCCGAA AGCCUAG 
DAGCCUC CUGADGAGGCCGAAAGGCCGAA AGCUCUU 
DGUUUGA CUGADGAGGCCGAAAGGCCGAA AGCCUCU 
GAUGUUD CUGADGAGGCCGAAAGGCCGAA ADAGCCU 
DUAAGCU CUGADGAGGCCGAAAGGCCGAA ADGUUUG 
DUGGAUU CUGADGAGGCCGAAAGGCCGAA AGCUGAU 
UUUGGAD CUGADGAGGCCGAAAGGCCGAA AAGCUGA . 
UCUUUUG CUGADGAGGCCGAAAGGCCGAA ADUAAGC 
ACADCAD CUGADGAGGCCGAAAGGCCGAA ADCUUUU 
AAAGCUC CUGADGAGGCCGAAAGGCCGAA ACADCAU 
DAACDCA CUGADGAGGCCGAAAGGCCGAA AGCCCUA 
DUAACUC CUGADGAGGCCGAAAGGCCGAA AAGCUCU 
UUUUAD U COGAUGAGGCCGAAAGGCCGAA ACUCAAA 
UUUUUA0 CUGADGAGGCCGAAAGGCCGAA AACUCAA 
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Table 39: Large-Scale Synthesis 



Sequence 


Activator 
[Added/Final] 
(min) 


Am id it e 
[Added/Final] 
(min) 


Time* 


% Full 
Length 
Product 


AgT 

A 9 T 


T[0.50/0.33J 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


85 
89 


(GGUfeGGT 
(GGUfoGGT 


T [0.50/0.33] 


[0.1/0.02] 
10.1/0.02] 


15 m 
15 m 


78 
81 


CgT 
CgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


90 
97 


UgT 
U 9 T 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


80 
85 


A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 


T [0.50/0.33] 
S [0.25/0.17] 
S [0.50/0.24] 
S [0.50/0.18] 
S [0.50/0.18] 


[0.1/0.02] 
[0.1/0.02] 
[0.1/0.03] 
[0.1/0.05] 
[0.1/0.05] 


15/1 5m 
15/15 m 
15/15 m 
15/15 m 
10/5m 


21 
25 
25 
38 
42 



Where two coupling times are indicated the first refers to RNA coupling 
and the second to 2'-0-methy| coupling. S = 5-S-Ethyrtetrazole T - 
tetrazole activator. A is 5' -ucu ccA UCU GAU GAG GCC GAA AGGCCG 
AAA Auc ecu -3' where lowerecase represents 2'-0^nethylnucleotides 
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Table 40: 



Sequence Deprotection 
Reagent 



iBu(GGU) 4 NH4OH/BOH 
MA 
AMA 
MA 
AMA 

iPrP(GGU) 4 NhUOH/EtOH 
MA 

AMA 
MA 

AMA 

CgU NhUOH/EtOH 
MA 
AMA 
MA 
AMA 

A(36-mer) N^UOH/EtOH 
MA 



Base Deprotection 



Time T »C % Full 
(mm) Length 
Product 



16 h 


55 


62.5 


10 m 


65 


62.7 


10 m 


65 


74.8 


10m 


55 


75.0 


10 m 


55 


77.2 



4h 


65 


44.8 


10 m 


65 


65.9 


10 m 


65 


59.8 


10 m 


55 


61.3 


10 m 


55 


60.1 


4h 


65 


75.2 


10m 


65 


79.1 


10m 


65 


77.1 


10 m 


55 


79.8 


10m 


55 


75.5 


4h 


65 


22.7 


10 m 


65 


28.9 
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Table 41: 2'-0-AlkyIsilyl Deprotection 



Sequence Deprotection Time T °C % Full 
Reagent (min) Length 

Product 



AgT 


TBAF 


24 h 


20 


84.5 




1.4 M HF 


0.5 h 


65 




(GGU) 4 


TBAF 


24 h 


20 


60.9 




1.4 M HF 


0.5 h 


65 


67.8 


C-jo 


TBAF 


24 h 


20 


86.2 




1.4 MHF 


0.5 h 


65 


86.1 


U10 


TBAF 


24 h 


20 


84.8 




1.4 MHF 


0.5 h 


65 . 


84.5 


B (36-mer) 


TBAF 


24 h 


20 


25.2 




1.4 MHF 


1.5 h 


65 


30.6 


A (36-mer) 


TBAF 


24 h 


20 


29.7 




1.4 MHF 


1.5 h 


65 


30.4 



B is 5'- UCU CCA UCU GAU GAG GCC GAA AGG CCG AAA AUC CCU 
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Table 44. Kinetics of Self-Processing In Vitro 



Self-Processing Constructs 


k (min* 1 )* 


HH 


1.16 ± 0.08 


HDV , 


0.56 ± 0.15 


HP(GC) 


0.36 ± 0.06 


HP(GU) 


0.054 ± 0.003 



k represents the unimolecular rate constant for ribozyme self-cleavage 



determined from a non-linear, least- 



squares fit (KaleidaGraph, Synergy 



Software, Reeding, PA) to the equation: 

(Fraction Uncleaved Transcript) = ~ (l-e* 1 ^ 

Jet 

The equation describes the extent of ribozyme processing in the presense of 
on g01 n g transcription (Long & Uhlenbeck, 1994 PiC Ui a$ l^ a ^^ 91 
6977) as a function of time (t) and the unimolecular rate constant for cleavage' 
(k). Each value of k represents the average <* range) of values determined 
from two experiments. 
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Table 45 



Entry Modification Un / m > t , . 

M/2 (m) t 1/2 (m) „ _ 

Activity Stability W A 

<*a) (t s ) 



x 10 



1 U4 & U7 = U 

2 U4&U7 = 2*-0-Me-U 

3 U4 = 2*=CH2-U 

4 U7 = 2'=CH 2 -U 

5 U4 & U7 = 2'=CH 2 -(J 

6 U4 = 2'=CF2-U 

7 U7 = 2'=CF2-U 

8 U4&U7 = 2 , =CF 2 -U 

9 U4 = 2'-F-U 

10 U7 = 2*-F-U 

11 U4 & U7 = 2'-F-U 

12 U4 = 2'-C-AllyMJ 

13 U7 = 2'-C-AJIyl-U 

14 U4 & U7 = 2'-C-AJIyl-U 

15 U4=2*-araF-U 

16 U7 = 2'-araF-U 

17 U4 & U7 = 2'-araF-U 

18 U4 = 2'-NH 2 -U 

19 U7 = 2'-NH 2 -U 

20 U4 & U7 = 2*-NH2-U 

21 U4 = dU 

22 U4 & U7 = dU 



1 


0.1 


1 


4 


260 


650 


6.5 


120 


1 fln 
i OU 


8 


280 


OCA 


9.5 


120 


130 


5 . 


320 




4 


220 


CCA 

550 


20 


320 


160 


4 




800 


8 




500 


4 


300 


750 


3 




>1700 


3 




730 


3 


120 


400 


5 


>500 


>1000 


4 


350 


875 


15 


500 


330 


1° 


500 


500 . 


5 


500 


1000 


2 


300 


1500 


6 


100 


170 


4 


'240 


600 
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CLAIMS 

What is claimed is: 

1. An enzymatic nucleic acid molecule which cleaves ICAM-1 mRNA, IL- 

5 mRNA, relA mRNA, TNF-a mRNA sites shown in Table 23, 25, 
27, or 28, CML associated mRNA selected from those identified as 
SEQ. ID NOS 1-25. or RSV mRNA or RSV genomic RNA in a 
region selected from the group consisting of 1C, 1B and N. 

2. The enzymatic nucleic acid molecule of claim 1, the binding arms of 

which contain sequences complementary to any one of the 
sequences defined In any of those in Tables 2, 3, 6-9, 11, 13 15. 
23,27,28,31,33,34,36, and37. 

3. The enzymatic nucleic acid molecule of claim 1 or 2. wherein said 

nucleic acid molecule is in a hammerhead motif. 

4. The enzymatic nucleic acid molecule of claim 1 or 2. wherein said 

RNA molecule is in a hairpin, hepatitis delta virus, group 1 intron 
Neurospora VS RNA or RNaseP RNA motif. 

5. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 

between 12 and 100 bases complementary to said mRNA or 
genomic RNA. 

6. The enzymatic nucleic add molecule of claim 5 comprising between 

14 and 24 bases complementary to said mRNA or genomic RNA. 

7. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 

between 5 and 23 bases complementary to said mRNA or genomic 
RNA. 

8. The enzymatic nucleic acid molecule of claim 7 comprising between 

1 0 and 18 bases complementary to said mRNA or genomic RNA. 

9. An enzymatic nucleic acid molecule consisting essentially of a 
sequence selected from the group of those shown in Tables 4-8 
10. 12, 14-16, 19-22, 24, 26-28, 30, 32, 34 and 36-38. 

10. A mammalian cell including an enzymatic nucleic acid molecule of 
claims 1 or 2. 
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11. The cell of claim 10, wherein said cell is a human cell. 

12. An expression vector including nucleic acid encoding an enzymatic 
nucleic acid molecule or multiple enzymatic molecules of claims 1 
or 2 in a manner which allows expression of that enzymatic RNA 
molecule(s) within a mammalian cell. 

13. A mammalian cell including an expression vector of claim 12. 

14. The cell of claim 13, wherein said cell is a human cell. 

15. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5, ret A, TNF-cc, or RSV by administering 
to a patient an enzymatic nucleic acid molecule of claim 1 or 2. 

16. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5. rel A, TNF-cc, or RSV by administering 
to a patient an expression vector of daim 12. 

17. The method of claims 15 or 16, wherein said patient is a human. 

18. The method of claim 17 wherein said condition is selected from the 
group consisting of atherosclerosis, myocardial infraction, stroke, 
restenosis, heart diseases, cancer, rheumatoid arthritis, asthma,' 
reperfusion injury, inflammatory or autoimmune disorders! 
transplant rejection, myocardial ischemia, stroke, psoriasis,' 
Kawasaki disease, HIV and AIDS, and septic shock. 

19. A nucleoside selected from the group consisting of S'-O 
alkylnucleoside, 2'-deoxy-2'-alkylnucleoside, nucleoside 5'-deoxy- 
S'-dihalo-methylphosphonate, nucleoside S'-deoxy-S'-difluoro- 
methylphosphonate. nucleoside S'-deoxy-S'-dihalo- 
methylphosphonate. and 5 , ,3'-dideoxy-5 , ,3 , -bis(dihalo)- 
methylphosphonate. 

20. A nucleotide selected from the group consisting of 5'-C- 
alkylnucleotide, 2'-deoxy-2'-alkylnucleotide, 5'-deoxy-5'-dihalo- 
methylnucleotide, 5'-deoxy-5'-difluoro-methylnucleotide, 3'-deoxy- 
3'-dihalo-methylnucleotide, and 5',3'-dideoxy-5\3'-bis(dihaIo)- 
methylphosphonate. 
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21. A nucleotide triphosphate comprising a nucleotide selected from the 
group consisting of 5'-C-alkylnucleotide, 2'-deoxy-2'- 
alkylnucleotide, 5*-deoxy-5'-dihalo-methylnucleotide, S'-deoxy-S'- 
difluoro-methylnucleotide, S'-deoxy-S'-dihalo-methylnucleotide, 
and 5',3 , -dideoxy-5 , ,3'-bis(dihalo)-methylphosphonate. 

22. The 5'-C-alkylnucleoside of claim 19, wherein the sugar portion is in 
a talo configuration. 

23. The F-C-alkylnucleoside of claim 19, wherein the sugar portion is in 
an alio configuration. 

24. An oligonucleotide comprising a nucleotide selected from the group 
consisting of S'-C-alkylnucleotide, 2'-deoxy-2'-alkylnucleotide, 5'- 
deoxy-S'-dihalo-methylnucleotide, 5'-deoxy-5'-difluoro- 
methylnucleotide, 3'-deoxy-3'-dihalo-methylnucleotide, and S'.^- 
dideoxy-5\3 , -bis(dihalo)-methylphosphonate. 

25. An oligonucleotide comprising a moiety having the formula: 

wherein B is a nucleotide base or hydrogen; R1, R2 and R3 
independently is selected from the group consisting of hydrogen, 
an alkyl group containing between 2 and 10 carbon atoms 
inclusive, an amine, an amino acid, and a peptide containing 
between 2 and 5 amino acids inclusive; and the zigzag lines are 
independently hydrogen or a bond. 

26. An oligonucleotide comprising a 3'-amido or peptido group, 

27. An oligonucleotide comprising a 5'-amido or peptido group. 

28. The oligonucleotide of claim 24, 25, 26, or 27 having enzymatic 
activity. 

29. Method for producing an enzymatic nucleic acid molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of forming said enzymatic molecule with at 
least one nucleotide having an alkyl group at its 5'-position or 2'- 
position. 
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30. Method for conversion of a protected alio sugar to a protected talo 
sugar, comprising the step of contacting said protected alio sugar 
with triphenyl phosphine, diethylazodicarboxylate, p-nitrobenzoic 
acid under inversion causing conditions to provide said protected 

5 talo sugar. 

31. Method for the synthesis of a nucleoside 5' or a 3'-dihalo- 
methylphosphonate comprising the step of condensing a 
difluoromethylphosphonate-containing sugar with a pyrimidine or 
purine under conditions suitable for forming a nucleoside 5 - or 3- 

10 difluoromethylphosphonate. 

32. The oligonucleotide of claim 3, wherein the normal hammerhead U4 
and/or U7 positions are substituted with 2'-NH-amino acid. 

33. A method for the synthesis of RNA comprising the step of providing. 
5-S-alkyltetrazole at a delivered 0.1-1.0 M concentration for the 

1 5 activation of a RNA amidhe during a coupling step for less than or 

equal to 10 minutes. 

34. A method for the synthesis of RNA comprising the step of providing 
5-S-alkyltetrazole at 0.15-0.35 M effective, or final, concentration for 
the activation of a RNA amidite during a coupling step for less than 

20 or equal to 1 0 minutes. 

35. A method for the deprotection of RNA comprising the step of 
providing alkylamine (MA) or NH 4 0H/alkylamine (AMA) at between 
60°C - 70 8 C for 5 to 15 minutes to remove any exocyclic amino 
protecting groups from protected RNA; wherein said alkyl is 

25 selected from the group consisting of methyl, ethyl, propyl and 

butyl. 

36. A method for the deprotection of RNA alkylsilyl protecting groups 
comprising, contacting said groups with anhydrous 
triethylamine»hydrogen fluoride (aHF«TEA) trimethylamine or 

30 disopropylethylamine at between 60 °C-70 °C for 0.25-24 h. 

37. A method for the purification of an RNA molecule by passing said 
enzymatic RNA molecule over an HPLC column, wherein said 
HPCC column is an anion exchange chromatography column. 
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38. Method for one pot deprotection of RNA comprising, contacting a 
protected base with anhydrous methyl amine at between 60 °C-70 
°C for at least 5 min, cooling the resulting mixture and contacting 
said mixture with TEA-3HF reagents under conditions which 
remove a protecting group of the 2'-hydroxyl position. 

39. Method for synthesizing RNA containing a phosphorothioate linkage 
comprising the step of contacting 6-10 equivalents of 3H-1.2- 
benzodithiole-3-one 1,1-djoxide (Beaucage reagent) with the 
growing RNA chain for 5 seconds with a reaction time of at least 
300 seconds. 

40. Method of synthesizing RNA containing a phosphorothioate linkage 
comprising the step of achieving coupling with 5-S-ethyltetrazole or 
5-S-methyltetrazole prior to sulfurization. 

41. Method of claims 38, 39 or 40 wherein said RNA is enzymatically 
active. 

42. Method for synthesizing 2'-deoxy-2 , -amino-nucleoside 
phosphoramidite, comprising the step of protecting the 2'-amino 
group with a N-phtaloyl group. 

43. The method of claim 42 wherein the said nucleoside lacks a base. 

44. Method for synthesis of RNA comprising the step of: protecting the 
2'-position of a nucleotide during said synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. 

45. Method for covalently linking a SEM group to the 2'-position of a 
nucleotide, comprising the step of: contacting a nucleoside with an 
SEM-containing molecule under SEM bonding conditions. 

46. The method of claim 45, wherein said conditions comprise dibutyltin 
oxide and tetrabutylammonium fluoride and SEM-CI. 

47. Method for removal of an SEM group from a nucleoside molecule or 
an oligonucleotide, comprising the step of: contacting said 
molecule or oligonucleotide with boron trifluoride etherate 
(BF3«OEt2) under SEM removing conditions. 
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48. The method of claim 57 wherein said (BF 3 -OEt 2 ) is provided in 
acetonitrile. 

49. One or more vectors comprising 

a first nucleic acid sequence encoding a first ribozyme having 
intramolecular or intermolecular cleaving activity, said first 
ribozyme being selected from the group consisting of a 
hammerhead, hairpin, hepatitis delta virus, Neurospora VS RNA, 
Group I, and RNaseP motif; 

and a second nucleic acid sequence encoding a second ribozyme 
having intermolecular cleaving activity, said Second ribozyme 
being selected from the group consisting of a hammerhead, 
hairpin, hepatitis delta virus, Neurospora VS RNA, Group I, and 
RNaseP motif and said second nucleic add being flanked by other 
nucleic acid sequences encoding RNA which is cleaved by said 
first ribozyme to release said second ribozyme from RNA encoded 
by said vector; 

wherein said first and second nucleic acid sequences may be on the 
same or separate nucleic acid molecules, and said vector encodes 
mRNA or comprises RNA which lacks secondary structure which 
reduces release of said second ribozyme by more than 20%. 

50. Cell comprising the vector of claim 49. 

51. A transcribed non-naturally occurring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises 
an intramolecular stem formed by base-pairing interactions 
between a 3' region and 5' complementary nucleotides in said 
RNA, wherein said stem comprises at least 8 base pairs. 

52. The RNA molecule of claim 51, wherein said molecule is transcribed 
by a RNA polymerase III based promoter system. 

53. The RNA molecule of claim 51, wherein said molecule is transcribed 
by a type 2 pol III promoter system. 

54. The RNA molecule of claim 51, wherein said molecule is a chimeric 
tRNA. 
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55. The RNA molecule of claim 53, said RNA having A and B boxes of a 
type 2 pol III promoter separated by between 0 and 300 bases. 

56. The RNA molecule of claim 53, wherein said desired RNA molecule 
is at the 3' end of said B box. 

57. The RNA molecule of claim 53. wherein said desired RNA molecule 
is in between the said A and the B box. 

58. The RNA molecule of claim 53, wherein said desired RNA molecule 
includes said B box. 

59. The RNA molecule of claim 51, wherein said desired RNA molecule 
is selected from the group consisting of antisense RNA, decoy RNA, 
therapeutic editing RNA. enzymatic RNA, agonist RNA and 
antagonist RNA. 

60. The RNA molecule of claim 51, wherein said 5' terminus is able to 
base-pair with at least 12 bases of said 3' region. 

61. The RNA molecule of claim 5.1, wherein said 5' terminus is able to 
base-pair with at least 15 bases of said 3* region. 

62. DNA vector encoding the RNA molecule of claim 51 

63. The vector of claim 62, wherein said vector is derived from an AAV 
or adeno vims. 

64. RNA vector encoding the RNA molecule of claim 51. 

65. The vector of claim 64, wherein said vector is derived from an alpha 
virus or retro virus. 

66. The vector of daim 62 wherein the portions of the vector encoding 
said RNA function as a RNA pol III promoter. 

67. Cell comprising the vector of claim 62. 

68. Cell comprising the vector of daim 53. 

69. Cell comprising the RNA of claim 51. 
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70. Method to provide a desired RNA molecule in a cell, comprising 
introducing said molecule into said cell a RNA comprising a 
desired RNA molecule, having a 5' terminus able to base pair with 
at least 8 bases of a 3' region of said RNA molecule. 

71. The method of claim 70, wherein said introducing comprises 
providing a vector encoding said RNA molecule. 

72. Hammerhead ribozyme having 2 or 3 base pairs in stem II with an 
interconnecting loop of 4 or more bases between said base pairs. 

73. Hairpin ribozyme lacking a substrate moiety, comprising at least six 
bases in helix 2 and able to base-pair with a separate substrate 
RNA. wherein the said ribozyme comprises one or more bases 3' 
of helix 3 able to base-pair with the said substrate RNA to form a 
helix 5 and wherein the said ribozyme can cleave and/or ligate said 
separate RNA(s) in trans.' 

74. The ribozyme of claim 73, wherein said ribozyme comprises six 
bases in helix 2. 

75. The ribozyme of claim 73, having the structure of Fig. 3, wherein 
each N and N' is independently any base and each dash may 
represent a hydrogen bond, r is 1-20, q is 2-20, o is 0 - 20, n is 1 - 
4, and m is 1 - 20. 

76. Method for increasing the activity of a hairpin ribozyme by providing 
one or more bases 3' of helix 3 able to base-pair with a substrate 
RNA to form a helix 5. 

77. Trans-cleaving Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

78. Trans-ligating Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

79. The ribozyme of claim 73 having the structure of Fig. 73. 

80. The ribozyme of claim 73 having the structure of Fig. 74. 

81 . A cell including the ribozyme of any of claims 73-80. 
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82. An expression vector comprising nucleic acid encoding the 
ribozyme of any of claims 73-80, in a manner which allows 
expression of that ribozyme within a cell. 

83. A cell including an expression vector of claim 82. 

5 84. Method for altering in vivo the nucleotide base sequence of a 
naturally occurring mutant nucleic acid molecule, comprising the 
steps of: 

contacting said nucleic acid molecule in vivo with an 
oligonucleotide or peptide nucleic acid able to form a duplex or 
1 0 triplex molecule with said nucleic acid molecule, wherein formation 

of said duplex or triplex molecule directly, or after nucleic acid 
repair in vivo, causes at least one base in said nucleic acid 
molecule to be chemically modified to functionally alter the 
nucleotide base sequence of said nucleic acid sequence. 

1 5 85. The method of claim 84, wherein said oligonucleotide is of a length 
sufficient to activate dsRNA deaminase in vivo to cause conversion 
of an adenine base to inosine in an RNA molecule. 

86. The method of claim 84, wherein said oligonucleotide comprises an 
enzymatic nucleic acid molecule which is active to chemically 

20 modify a base. 

87. The method claim 84, wherein said nucleic acid molecule is DNA or 
RNA. 

88. The method of claim 84, wherein said oligonucleotide comprises a 
chemical mutagen. 

25 89. The method of claim 88, wherein said mutagen is nitrous acid. 

90. The method of claim 84 wherein said oligonucleotide causes 
deamination of 5-methylcytosine to thymidine, cytosine to uracil, or 
adenine to inosine, or methylation of cytosine to 5-methylcytosine. 

91. The method of claim 84, wherein an endogenous mammalian 
30 editing system is co-opted to cause said chemical modification. 
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92. Method for introduction of enzymatic nucleic acid into a cell or 
tissue, comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nucleic acid under said conditions; 

and contacting said complex with said cell or tissue under 
conditions in which said enzymatic nucleic acid molecule is 
produced in said cell or tissue. 

93. Method for introduction of a desired nucleic acid into a cell or tissue, 
comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
desired nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
structure under physiological conditions with said first nucleic acid 
molecule; wherein said first nucleic acid molecule lacks a promoter 
region and said R-loop is formed in a region of said first nucleic 
acid molecule at a location which promotes expression of RNA from 
said first nucleic acid under said conditions; 

and contacting said complex with said cell or tissue under 
conditions in which said desired acid molecule is produced in said 
cell or tissue. 

94 Method for introduction of a desired nucleic acid into a cell or tissue, 
comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
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structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nucleic acid under said conditions; 

5 and wherein said second nucleic acid further comprises a 

localization factor, 

and contacting said complex with said cell or tissue under 
conditions in which said desired nucleic acid molecule is produced 
in said cell or tissue. 

10 95. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nucleic acid molecule; 

1 5 wherein said R-loop is formed in a region of said first nucleic acid 

molecule at a location which promotes expression of RNA from said 
first nucleic acid under said conditions. 

96. Complex of a first nucleic acid molecule encoding a desired nucleic 
acid associated with a second nucleic acid molecule having 

20 sufficient complementarity with said first nucleic acid molecule so 

that it is able to form an R-loop base-paired structure under 
physiological conditions with said first nucleic acid molecule; 
wherein said first nucleic acid molecule lacks a promoter region 
and said R-loop is formed in a region of said first nucleic acid 

25 molecule at a location which promotes expression of RNA from said 

first nucleic acid under said conditions. 

97. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 

30 molecule so that it is able to form an R-loop base-paired structure 

under physiological conditions with said first nucleic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
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first nucleic acid under said conditions, and wherein said second 
nucleic acid further comprises a localization factor. 
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l^jQ /^/j S35 Sequence 



* 



GGCAGAACAG CAG AGUGGCG CAGCGG AAGC GUGCUGGGCC CAU AACCCAG 5 0 
AGGUCG AUGG AUCGAAACCC CGGAUCGUAC CGCGGUGGAU CCACUCUGCU 100 
GUUCUGUUU 109 



FIG. 45. HHIS35 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUGAG 100 
fiACCGAAAGG UCCGAAACGG QCAGGAUCCA CUCUGCUGUU CUGUUU 146 

Underlined bases indicate the HHI ribozyme sequence 



FIG. 46. S35 p,us Sequence 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGGGAUC CUAACGAUCC 100 
GGGGUGUCGA UCCAUCACUC UGCUGUUCUG UU U 133 



FIG 47- HfflS35 Plus 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUGAG 100 
fiAHCGAAAGG IKTTiAAACGG QCAGGAUCCU AACG AUCCGG GGUGUCG AUC 1 50 
CAUCACUCUG CUGUUCUGUU U 171 



Underlined bases indicate the HHI ribozyme sequence 
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FIG. 48. 




A BOX = URGCNNAGYGG I This is based on Geiduschek & Tocchini-Valentini, 

(1988^ Annu. Review Biochem. 57.873-914. However 
B BOX = GGUUCGANUCC I this consensus sequence is not meant to be limiting 

N = A.U t G,orC 

R = Purine 

Y = Pyrimidine 

• = Indicates base-pairing 

— = Indicates covalent linkage 

Indicates sites at which desired 
RN As can be cloned 
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